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PROSTATE -r SPECIFIC MEMBRANE ANTIGEN AND USES THEREOF 

5 

This application is a continuation-in-part of United 
States Application Serial Nos . 08/466,381 and 
08/470,735, both filed June 2, 1995, which are 
continuations of U.S. Serial No. 08/394,152/ filed 
10 February 24, 1995., the contents of which are hereby 
incorporated by reference. 

This invention disclosed herein was made in part with 
Government support under NIH Grants No. DK47650 and 
15 CA58192, CA-39203 , CA-29502, CA-08748-29 from the 

Department of Health and Human Services. Accordingly, 
the U.S. Government has certain rights in this 
invention. 

20 BACKGROUND OF THE INVENTION 

Throughout this application various references' are 
referred to within parentheses. Disclosures of these 
publications in their entireties are hereby 
2 5 incorporated by reference into this application to more 
fully describe the v state of the art to which this 
invention pertains. Full bibliographic citation for 
these references may, be found at the end of each set of 
Examples in the Experimental Details section. 

30 

Prostate cancer is among the most significant medical 
problems in the United States, as the disease is now 
the most common malignancy diagnosed in American males . 
In 1992 there were over 132,000 new cases of prostate 
35 cancer detected with over 36,000 deaths attributable to 
the disease, representing a 17.3% increase over 4 years 
(2) . ' Five year survival rates for patients with 
prostate cancer range from 88% ,f or those with localized 
disease to 29% for those with metastatic disease. The 
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rapid increase in the number of cases appears to result 
in part from an increase in disease awareness as well 
as the widespread use of clinical markers such as the 
secreted proteins prostate-specific antigen (PSA) and 
5 prostatic acid phosphatase (PAP) (37) . 

The prostate gland is a site of significant pathology 
affected by conditions such as benign growth (BPH) 
neoplasia (prostatic cancer) and infection 

10 (prostatitis). Prostate cancer represents the second 

leading cause of death from cancer in man (1) . However 
prostatic cancer is the leading site for cancer 
development in men. The difference between these two 
facts relates to prostatic cancer occurring with 

15 increasing frequency as men age, especially in the ages 
beyond 60 at a time when death from other factors often 
intervenes. Also, the spectrum of biologic 

aggressiveness of prostatic cancer is great, so that in 
some men following detection the tumor remains a latent 

20 histologic tumor and does not become clinically 
significant, whereas in other it progresses, rapidly, 
metastasizes and kills the man in a relatively short; 2- 
5 year period (1, 3) . 

25 In prostate cancer cells, two specific proteins that 
are made in very high concentrations are prostatic acid 
phosphatase (PAP) and prostate specific antigen (PSA) 
(4, 5, 6) . These proteins have been characterized and 
have been used to follow response to therapy. With the 

30 development of cancer, the normal architecture of the 
gland becomes altered, including loss of the normal 
duct structure for the removal of secretions and thus 
the secretions reach the serum. Indeed measurement of 
serum PSA is suggested as a potential screening method 

35 for prostatic cancer. Indeed, the relative amount of 
PSA and/or PAP in the cancer reduces as compared to 
normal or benign tissue. 
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PAP was one of the earliest serum markers for detecting 
metastatic spread (4) . PAP hydrolyses tyrosine 
phosphate and has a broad substrate specificity. 
Tyrosine phosphorylation is often increased with 
5 oncogenic transformation. It has been hypothesized 
that during neoplastic transformation there is less 
phosphatase activity available to inactivate proteins 
that are. activated by phosphorylation on tyrosine 
residues. In some instances, insertion of phosphatases 
10. that have tyrosine phosphatase activity has reversed 
the malignant phenotype . 

PSA is a protease and it is not readily appreciated how 
loss of its activity correlates with cancetr development 

15 (5, 6) . The proteolytic activity of PSA is inhibited 
by zinc. Zinc concentrations are high in the normal 
prostate and reduced in prostatic cancer. Possibly the 
loss of zinc allows for increased proteolytic activity 
by PSA. As proteases are involved in metastasis and 

20 some proteases stimulate mitotic activity, the 
potentially increased, activity of PSA could be 
hypothesized to play a role in the tumors metastases 
and spread (7) . 

25 Both PSA and PAP are found in prostatic secretions . 

Both appear to be dependent on the presence of 
androgens for their -production and are substantially 
reduced following androgen deprivation. 

3 0 Prostate- specif ic membrane antigen (PSM) which appears 
to be localized to the prostatic membrane has been, 
identified. This antigen was identified as the result 
of generating monoclonal antibodies to a prostatic 
cancer cell, LNCaP (8) . 

35 

Dr. Horoszewicz established a cell line designated 
LNCaP from the lymph, node of a hormone refractory, 
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heavily pretr.eate.d- patient (9). This line was found to 
have an aneuploid human male karyotype. It maintained 
prostatic, differentiation functionality in that it 
produced both PSA and PAP. It possessed an androgen 
5 receptor of high affinity and specificity. Mice were 
immunized with LNCaP cells and hybridomas were derived 
from sensitized animals. A monoclonal antibody was 
derived and was designated 7E11-C5 (8). The antibody 
staining was consistent with a membrane location and 

10 isolated fractions of LNCaP cell membranes exhibited a 
strongly positive reaction with immunoblotting and 
ELISA techniques. This antibody did not inhibit or 
enhance the growth of LNCaP cells in vitro or in vivo. 
The antibody to this, antigen was remarkably specific to 

15 prostatic epithelial cells, as no reactivity was 
observed in any other component. Immunohistochemical 
staining of cancerous epithelial cells was more intense 
than that of normal or benign epithelial cells. 

2 0 Dr. Horoszewicz also reported detection of 
immunoreactive material using 7E11-C5 in serum of 
prostatic cancer patients (8) . The immunoreactivity 
was detectable in nearly 60% of patients with stage t)-2 
di sease and in a slightly lower percentage of patients 

25 with earlier stage disease, but the numbers of patients 
in the latter group are. small. Patients with benign 
prostatic hyperplasia (BPH) were negative . Patients 
with no apparent disease were negative, but 50-60% of 
patients in remission yet with active stable disease or 

30 with progression demonstrated positive serum 
reactivity. Patients with non prostatic tumors did not 
show immunoreactivity with 7E11-C5. 

. The 7E11-C5 monoclonal antibody is currently in 
3.5 clinical trials. The aldehyde groups of the antibody 
were oxidized and the linker-chelator glycol -tyrosyl- 
(n, e -diethylenetriamine-pentacetic acid) -lysine (GYK- 
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DTPA) was coupled to the reactive aldehydes of the 
heavy chain (10) . The resulting antibody ' was 

designated CYT-356. Immunohistochemical staining 
patterns were similar except that the CYT-3 56 modified 
5 antibody stained skeletal muscle. The comparison of 
CYT-356 with 7E11-C5 monoclonal antibody suggested both 
had binding to type 2 muscle fibers. The reason for 
the discrepancy with the earlier study, which reported 
skeletal muscle to be negative, was suggested to be due 

10 to differences in tissue fixation techniques . Still, 
the most intense and definite reaction was observed 
with prostatic epithelial cells, especially cancerous 
cells. Reactivity with mouse skeletal muscle was 
detected with immunohistochemistry but not in imaging 

15 studies. The Indium 111 -labeled antibody localized to 
LNCaP tumors grown in nude mice with an uptake of 
nearly 3 0% of the injected dose per gram tumor at four 
days. In-vivo, no selective retention of the antibody 
was observed in antigen negative tumors such as PC-3 

20 and DU-145, or by skeletal muscle. Very Little was 
known about the PSM antigen. An effort at purification 
and characterization has been described at meetings^ by 
Dr. George Wright and colleagues (11, 12) . 
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BRIEF DESCRIPTION OF THE FIGURES 



Figure 1: 



Signal in lane 2 represent the lOOkD 
PSM antigen. The EGFr was used as the 
positive control and is shown in lane 
1. Incubation with rabbit antimouse 
(RAM) antibody alone served as negative 
control and is shown in lane 3 . 



10 



15 



2 0 



Figures 2A- 2D: Upper two photos show LNCaP cytospins 

staining positively for PSM antigen. 
Lower left in DU-145 and lower right is 
PC-3 cytospin, both negative for PSM 
antigen expression. 

Figures 3 A- 3D: Upper two panels are human prostate 

sections (BPH) staining positively for 
PSM antigen. The lower two panels show 
invasive prostate carcinoma human 
sections staining positively for 
expression of the PSM antigen. 



Figure 4 



25 



lOOkD PSM antigen following 

immunoprecipitation of 35 S -Methionine 
labeKLed LNCaP cells with Cyt-3 56 
ant ibody 



Figure 5 : 



30 



35 



3% agarose gels stained with Ethidium 
bromide revealing PCR products obtained 
using the degenerate PSM antigen 
primers. The arrow points to sample 
IN- 20, which is a 1.1 kb PCR product 
which was later confirmed to be a 
partial cDNA coding for 
the PSM gene . 



Figures 6A-6B: 2% agarose gels of plasmid DNA 
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Figure 7 : 

10 

Figure 8 : 

15 

2 0 Figure 9 : 

Figure 10: 

25 

3 0 

Figure 11: 
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resulting from TA cloning of PCR 
products . Inserts are excised from the 
PCR II vector (Invitrogen Corp.) by 
digestion with EcoRI . 1.1 kb PSM gene 
partial cDNA product is shown in lane 3 
of gel 1 . 

Autoradiogram showing size of cDNA 
represented in applicants' LNCaP 
library using M-MLV reverse 
transcriptase. 

Restriction analysis of full-length 
clones of PSM gene obtained after- 
screening cDNA library. Samples have 
been cut with Not I and Sal I 
restriction enzymes to liberate the 
insert . 

Plasmid Southern autoradiogram of full 
length PSM gene clones. Size' is 

approximately 2.7 kb. 

Northern blot revealing PSM expression 
limited to LNCaP prostate cancer line 
and H26 Ras- transf ected LNCaP cell 
line.. PC-3, DU-145, T-24, SKRC-27, 
HELA, MCF-7, HL-60, and others were are 
all negative . 

Autoradiogram of Northern analysis 
revealing expression, of 2.8 kb PSM 
message unique to the LNCaP cell line 
(lane 1) , and absent from the DU-145 
(lane 2) and PC-3 cell lines (lane 3) . 
RNA size ladder is shown on , the . left 
(kb) , and 28S and 18S ribosomal RNA 
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bands are indicated on the right. 

Figures 12A-12B: 

Results of PCR of human prostate. 
5 tissues using PSMgene primers. Lanes 

are numbered from left to right. Lane 
1, LNCaP; Lane 2, H26; Lane 3, DU-145; 
Lane 4, Normal Prostate; Lane 5, BPH; 
Lane 6, Prostate Cancer; Lane 7, BPH; 

10 Lane 8, Normal; Lane 9, BPH; Lane 10, 

BPH; Lane 11, BPH; Lane 12, Normal; 
Lane 13, Normal; Lane 14, Cancer; Lane 
15, Cancer; Lane. 16, Cancer; Lane 17, 
Normal; Lane 18, Cancer; Lane 19, IN-20 

15 Control; Lane 20, PSM cDNA 

Figure 13: Isoelectric point of PSM antigen (non- 

glycosylated) 

2 0 Figures 14:1-8 Secondary structure of PSM arftigen 
Figures 15A-15B: 

m 

A. Hydrophilicity plot of PSM antigen 

B. Prediction of membrane spanning 

2 5 segments 

Figures 16:1-11 

Homology with chicken, rat and human 
transferrin receptor sequence. 

3 0 

Figures 17A-17C: 

Immunohistochemical detection of PSM 
antigen expression in prostate cell 
lines. Top panel reveals uniformly 
3 5 high level of expression in LNCaP 

cells; middle panel and lower panel are 
DU-145 and PC-3 cells respectively, 
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Figure 18: 

5 
10 

Figure 19: 



15 



20 

Figure 20: 



25 



30 



3 5 Figure 21: 
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both negative. 

Autoradiograni of protein gel revealing 
products of PSM coupled in-vitro 
transcription/translation . Non- 
glycosylated PSM polypeptide is seen at 
84 kDa (lane 1) and PSM glycoprotein 
synthesized following the addition of 
microsomes is seen at 100 kDa (lane 2). 

Western Blot analysis detecting PSM 
expression in transfected non-PSM 
expressing PC-3 cells. 100 kDa PSM 
glycoprotein species is clearly seen in 
LNCaP membranes (lane 1) , LNCaP crude 
lysate (lane 2) , and PSM- transfected 
PC-3 cells (lane 4) , but is 
undetectable in native PC-3 cells (lane 
3) . 

* 

Autoradiogram of ribonuclease 

protection gel assaying for PSM mRNA 
expression in normal human tissues. 
Radiolabeled 1 kb DNA ladder (Gibco- 
BRL)\ is shown in lane 1. Undigested 
probe is 4 00 nucleotides (lane 2) , 
expected protected PSM band is 3 50 
nucleotides, and tRNA control is shown 
(lane 3) . A strong signal is seen in 
human prostate (lane 11) , with very 
faint, but detectable signals seen in 
human brain (lane 4) and human salivary 
gland (lane 12) . 

Autoradiogram of ribonuclease 

protection gel assaying for PSM mRNA 
expression in LNCaP tumors grown in 
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nude mice, and in human prostatic 
tissues. 32 P-labeled 1 kb DNA ladder is 
shown in lane 1. 298 nucleotide 
undigested probe is shown (lane 2) , and 
tRNA control is shown (lane 3). PSM 
mRNA expression is clearly detectable 
in LNCaP cells (lane 4) , orthotopically 
grown LNCaP tumors in nude mice with 
and without matrigel (lanes 5 and 6) , 
and subcutaneously implanted and grown 
LNCaP tumors in nude mice (lane 7) . 
PSM mRNA expression is also seen in 
normal human prostate (lane 8), and in 
a moderately differentiated human 
prostatic adenocarcinoma (lane 10) . 
Very faint expression is seen in a 
sample of human prostate tissue with 
benign hyperplasia (lane 9) . 

Ribonuclease protection assay for .PSM 
expression in LNCaP cells treated with 
physiologic doses of various steroids 
for 24 hours. 32 P- labeled DNA ladder is 
shown in lane 1. 298 nucleotide 
undigested probe is shown (lane 2) , and 
tRNA control is shown (lane 3) . PSM 
mRNA expression is highest in untreated 
LNCaP cells in charcoal -stripped media 
(lane 4) . Applicant see significantly 
diminished PSM expression in LNCaP 
cells treated with DHT (lane 5) , 
Testosterone (lane 6) , Estradiol (lane 
.7), and. Progesterone (lane 8), with 
little response to Dexamethasone (lane 
9) . 

Data illustrating results of PSM DNA 
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and' RNA presence in transfect Dunning 
cell lines employing Southern and 
Northern blotting techniques 

5 Figures 24A^24B: 

Figure A indicates the power of 
cytokine transfected cells . to teach 
unmodified cells. Administration was 
directed to the parental flank or 
10 prostate cells. The results indicate 

the microenvironment considerations. 

Figure B indicates actual potency at a 
particular site. The tumor was 

15 implanted in prostate cells and treated 

with immune cells at two different 
sites. 

Figures 25A-25B: , 

2 0 Relates potency of cytokines in 

inhibiting growth of primary tumors. 
Animals administered un-modified 
parental tumor cells and administered 
as a vaccine transfected cells. 

25 Foliating prostatectomy of rodent tumor 

results in survival increase. 

Figure 26: PCR amplification with nested primers 

improved the level of detection of 
30 prostatic. cells from approximately one 

prostatic cell per 10,000 MCF-7 cells 
to better than one cell per million 
MCF-7 cells, using either PSA. 

35 Figure 27: PCR amplification with nested primers 

improved the level of detection of 
prostatic cells from approximately one 
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prostatic cell per 10,000 MCF-7 cells 
to better than one cell per million 
MCF-7 cells, using PSM-derived primers. 



Figure 28: 



10 



A representative ethidium stained gel 
photograph for PSM-PCR. Samples run in 
lane A represent PCR products generated 
from the outer primers and samples in 
lanes labeled B are products of inner 
primer pairs . 



Figure 29: 



15 



20 



Figure 3 0 



25 



PSM Southern blot autoradiograph . The 
sensitivity of the Southern blot 
analysis exceeded that of ethidium 
staining, as can be seen in several 
samples where the outer product is not 
visible on figure 3, but is detectable 
by Southern blotting as shown in figure 
4 . 

Characteristics of the 16 § patients 
analyzed with respect to their clinical 
stage, treatment, serum PSA and PAP 
values, and results of assay. 



Figures 31A-31D: 

The 



30 



DNA sequence of the 3 kb Xhol 
fragment of p6 83 which includes 50 0 bp 
of DNA from the RNA start site was 
determined Sequence 683XFRVS starts 
from the 5' distal end of PSM promoter. 



35 



Figure 32 



Figure 33: 



Potential binding sites on the PSM 
promoter . 



Promoter activity of PSM 
fragment/CAT gene chimera. 



up-stream 
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10 

Figrure 35: 
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20 



Figure 36: 
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Comparison between PSM and PSM' cDNA. 
Sequence of the 5' end of PSM cDNA (5) 
is shown. Underlined region denotes 
nucleotides which are present in PSM 
cDNA sequence but absent in PSM' cDNA. 
Boxed region represents the putative 
transmembrane domain of PSM antigen. 
* Asterisk denotes the putative 
translation initiation site for PSM' . 

Graphical representation of PSM and 
PSM' cDNA sequences and antisense PSM 
RNA probe (b) . PSM cDNA sequence with 
complete coding region (5) . (a) PSM' 
cDNA sequence from this study. (c) 
Cross hatched and open boxes denote 
sequences identity in PSM and PSM' . 
Hatched box indicates sequence absent 
from PSM' . Regions of cDNA sequence 
complementary to the antisense probe 
are indicated by dashed lines between 
the sequences 

RNase protection assay with PSM 
specific probe in primary prostatic 
tissues. Total cellular RNA was 
isolated from human prostatic samples: 
normal prostate, BPH, and CaP. PSM and 
PSM' spliced variants are indicated 
with arrows at right. The left lane is 
a DNA ladder. Samples from different 
patients are classified as: lanes 3-6, 
CaP, carcinoma of prostate ; BPH, benign 
prostatic hypertrophy, lanes 7-9; 
normal, normal prostatic tissue , lanes 
10-12. Autoradiograph was exposed for 
longer period to read lanes 5 and 9 . 



t 
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Figure 37: Tumor Index, a quantification of the 

expression of PSM and PSM' . Expression 
of PSM and PSM' (Fig. 3) was quantified 
by densitometry and expressed as a 
5 ratio of PSM/PSM' on the Y-axis. Three 

samples each were quantitated for 
primary CaP, BPH and normal prostate 
tissues. Two samples were quantitated 
for LNCaP. Normal, normal prostate 
10 tissue. 

Figure 38:' .Characterization of PSM membrane bound 

and PSM' in the cytosol . 

Intron IF: Forward Sequence. Intron 1 
contains a number of trinucleotide 
repeats which can be area associated 
with chromosomal instability in tumor 
cells. LNCaP cells and primary prostate 
tissue are identical, however in the 
PC- 3 and Du-14 5 tumors they have 
substantially altered levels' of these 
trinucleotide repeats which may relate 
to their lack of expression of PSM. 
25 

"V 

Figures 40A-40B: 

Intron 1R: Reverse Sequence 

Intron 2F: Forward Sequence 
Intron 2R: Reverse Sequence 

Figures 43A-43B: 

Intron 3F: Forward Sequence 

35 Figures 44A-44B: 

Intron 3R: Reverse Sequence 

Figures 45A-45B: 



15 Figure 39: 



20 



Figure 41: 

30 

Figure 42 : 
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Intron 4F: Forward Sequence 
Figures 46A-46B: 

Intron 4R: Reverse Sequence 

Figures 47A-47D: 

Sequence of the genomic region upstream 
of the 5' transcription start site of 
PSM. 

10 

Figure 48: Photograph of ethidium bromide stained 

gel depicting representative negative 
and positive controls used in the 
study. Samples 1-5 were from, 

15 respectively: male with prostatis, a 

healthy female volunteer, a male with 
BPH, a control 1:1,000,000 dilution of 
LNCaP cells, and a patient with renal 
cell carcinoma. Below each reaction is 

20 the corresponding control , reaction 

performed with beta -2 -microglobulin 
primers to assure RNA integrity. No 
PCR products were detected for any* of 
these negative controls. 

25 

Figure 49: Photograph of gel displaying 

representative positive PCR results 
using PSM primers in selected patients 
with either localized or disseminated 

30 prostate cancer. Sample 1-5 were from. 

respectively: a patient with clinically 
localized stage Tl c disease, a radical 
prostatectomy patient with organ 
confined disease and a negative serum 

35 PSA, a radical prostatectomy patient 

with locally advanced disease and a 
negative serum PSA, a patient with 
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treated stage D2 disease, and a patient 
with treated hormone refractory 
disease . 



5 Figure 50 : 



Chromosomal location of PSM based on 
cosmid construction. 



Figure 51: 



10 



15 



Human monochromosomal somatic cell 
hybrid blot showing that chromosome 11 
contained the PSM genetic sequence by 
Southern analysis. DNA panel digested 
with PstI restriction enzyme and probed 
with PSM cDNA. Lanes M and H refer to 
mouse and hamster DNAs . The numbers 
correspond to the human chromosomal DNA 
in that hybrid. 



Figure 52 



20 



Ribonuclease protection assay using PSM 
radiolabeled RNA probe revels an 
abundant PSM mRNA expression .in AT6.1- 
11 clone 1, but not in AT6.1-11 clone 
2, thereby mapping PSM to llpll.2-13 
region. 



25 Figure 53 



Figure 54 



30 



Tissue specific expression, of PSM RNA 
by Northern blotting and RNAse 
protection assay. 

Mapping of the PSM gene to the llpll.2- 
pl3 region of human chromosome 11 by 
southern blotting and in- situ 
hybridization. 



Figure 55: 



35 



Schematic 
elements . 



of potential response 



Figur 56: 



Genomic organization of PSM gene. 
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Figure 57 : 



Schematic of metastatic prostate cell 



Figure 58A-58C: 



10 



Nucleic acid of PSM genomic DNA is read 
5 prime away from the transcription 
start site: number on the sequences 
indicates nucleotide upstream from the 
start site. Therefore, nucleotide #121 
is actually -121 using conventional 
numbering system. 



Figure 59: 



15 



Representation of NAAG 1, acividin, 
azotomycin, and 6 -diazo- 5 -oxo- 

norleucine, DON. 



Figure 60; 



20 



Preparation of 
acetylaspartylglutamate , NAAG 1, 



N - 



Figure 61: 



25 



Figure 62: 



30 



Figure 63 : 



Synthesis of N-acetylaspartylglutamate , 
NAAG 1. 



Synthesis of N-phosphonoacetylaspartyl - 
L-glutamate . 



Synthesis of 5 -diethylphosphonon-2 
amino benzylvalerate intermediate. 



Figure 64: 



35 



Synthesis of analog 4 and 5. 



Figure 65: 
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Representation of DON, analogs 17-2( 



Substrates for targeted drug delivery, 
analog 21 and 22 . 



10 



Figure 67; 



Dynemycin A and its mode of action. 



Figure 68; 



15 Figure 69 



Figure 70: 



20 



Figure 71: 



Synthesis of analog 28. 



Synthesis for intermediate analog 28 



Attachment points for PALA. 



Mode of action for substrate 21 



Figures 72A-72D: 

25 Introp IF: Forward Sequence, 

Figures 73A-73E: 

Intron 1R: Reverse Sequence 

30 Figures 74A-74C: 

Intron 2F: Forward Sequence 



35 



Figures 75A-75C: 

Intron 2R: Reverse Sequence 

Figures 76A-76B: 

Intron 3F: Forward Sequence 



I 
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Figures 77A-77B: 

Intron 3R: Reverse Sequence 

5 Figures 78A-78C: 

Intron 4F: Forward Sequence 

Figures 79A-79E: 

Intron 4RF : Reverse Sequence 

10 

Figure 80: 

PSM genomic organization of the exons 
and 19 intron junction sequences. The 
exon/intron junctions (See Example 15) 
15 are as follows: 



20 



25 



30 



1. 


Exon 


/intron 


1 


at 


bp 


389-390; 


2 . 


Exon 


/intron 


2 


at 


bp 


490-491; 


3 . 


Exon 


/intron 


3 


at 


bp 


681-682; 


4 . 


Exon 


/intron 


4 


at 


bp 


784-785; 


5 . 


Exon 


/intron 


5 


at 


bp 


911-912; 


6 . 


Exon 


/intron 


6 


at 


bp 


10 96-1097; 


7 . 


Exon 


/intron 


7 


at bp 1190-1191 


8 . 


Exon 


/intron 


8 


at 


bp 


1289- 1290 


9 . 


Exon 


/intron 


9 


at 


bp 


13 75-137 6; 


10 . 


'Exon 


/intron 


10 


at 


bp 


1496-1497; 


11 . 


Exon 


/intron 


11 


at 


bp 


1579-1580 ; 


12 . 


Exon 


/intron 


12 


at 


bp 


1640-1641; 


13 . 


Exon 


/intron 


13 


at 


bp 


1708-1709; 


14 . 


Exon 


/intron 


14 


at 


bp 


1803-1804; 


15. 


Exon 


/intron 


15 


at 


bp 


18 92-18 93; 


16 . 


Exon 


/intron 


16 


at 


bp 


2158-2159; 


17 . 


Exon 


/intron 


17 


at 


bp 


2240-2241; 


18'. 


Exon 


/intron 


18 


at 


bp 


2334-2335 ; 


19 . 


Exon 


/intron 


19 


at 


bp 


2644-2645 . 



35 
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SUMMARY OF THE INVENTION 

This invention provides an isolated mammalian nucleic 
acid molecule encoding an alternatively spliced 
5 prostate-specific membrane (PSM' ) antigen. 

This invention provides an isolated nucleic acid 
molecule encoding a prostate- specific membrane antigen 
promoter. This invention provides a method of 
10 detecting hematogenous micrometastic tumor cells of a 
subject, and determining prostate cancer progression 
in a subject. 
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Detailed Description of the Invention 

Throughout this application, references to specific 
nucleotides are to nucleotides present on the coding 
5 strand of the nucleic acid. The following standard 
abbreviations are used throughout the specification to 
indicate specific nucleotides: 

C=cytosine A=adenosine 
10 T=thymidine G=guanosine 

A "gene" means a nucleic acid molecule, the sequence of 
which includes all the information required for the 
normal regulated production of a particular protein, 
15 including the structural coding sequence, promoters and 
enhancers . 

This invention provides an isolated mammalian nucleic 
acid encoding an alternatively spliced prostate- 
20 specific membrane (PSM' ) antigen. • 

This invention provides an isolated mammalian nucleic 
acid encoding a mammalian prostate-specific membrane 
(PSM) antigen. 

25 v 

This invention further provides an isolated mammalian 
DNA molecule of an • isolated mammalian nucleic acid 
molecule encoding an alternatively spliced prostate- 
specific membrane antigen. This invention also 

30 provides an isolated mammalian cDNA molecule encoding 
a mammalian alternatively spliced prostate-specific 
membrane antigen. This invention provides an isolated 
mammalian RNA molecule encoding a mammalian 
alternatively spliced prostate- specif ic cytosolic 

35 antigen . 

This invention further provides an isolated mammalian 
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DNA molecule of an isolated mammalian nucleic acid 
molecule encoding a mammalian prostate-specific 
membrane antigen. This invention also provides an 
isolated mammalian cDNA molecule encoding a mammalian 
5 prostate -specific membrane antigen. This invention 
provides an isolated mammalian RNA molecule encoding a 
mammalian prostate- specif ic membrane antigen. 

In the preferred embodiment of this invention, the 
10 isolated nucleic sequence is cDNA from human as shown 
in Figures 47A-47D. This human sequence was submitted 
to GenBank (Los Alamos National Laboratory, Los Alamos, 
New Mexico) with Accession Number, M99487 and the 
description as PSM, Homo sapiens, 2653 base-pairs. 

15 

This invention also encompasses DNAs and cDNAs which 
encode amino acid sequences which differ from those of 
PSM or PSM' antigen, but which should not produce 
phenotypic changes. Alternatively, this invention also 
20 encompasses DNAs and cDNAs which hybridize fco the DNA 
and cDNA of the subject invention. Hybridization 
methods are well known to those of skill in the art. 

For example, high stringent hybridization conditions 
2 5 are selected at about 5° C lower than the thermal 
melting point (Tm) for the specific sequence at a 
defined ionic strength and pH. The Tm is the 
temperature (under defined ionic strength and pH) at 
which 50% of the target sequence hybridizes to a 
30 perfectly matched probe. Typically, stringent 

conditions will be those in which the salt 
concentration is at least about 0.02 molar at pH 7 and 
the temperature is at least about 60°C. As other 
factors may significantly affect the stringency of 
35 hybridization, including, among others, base 
composition and size of the complementary strands , the 
presence of organic solvents, ie . salt or formamide 
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concentration, and the extent of base mismatching, the 
combination of parameters is more important than the 
absolute measure of any one. For Example high 
stringency may be attained for example by overnight 
5 hybridization at about 68°C in a 6x SSC solution, 
washing at room temperature with 6x SSC solution, 
followed by washing at about 68°C in a 6x SSC in a 0 . 6x 
SSX solution. 

10 Hybridization with moderate stringency may be attained 
for example by: 1) filter pre-hybridizing and 

hybridizing with a solution of 3x sodium chloride, 
sodium citrate (SSC), 50% formamide, 0 . 1M Tris buffer 
at Ph 7.5, 5x Denhardt's solution; 2.) pre- 

15 hybridization at 37°C for 4 hours; 3) hybridization at 
37°C with amount of labelled probe equal to 3,000,000 
cpm total for 16 hours; 4) wash in 2x SSC and 0.1% SDS 
solution; 5) wash 4x for 1 minute each at room 
temperature at 4x at 60°C for 30 minutes each; and 6) 

2 0 dry and expose to film. • 

The DNA molecules described and claimed herein ^re 
useful for the information which they provide 
concerning the amino acid sequence of the polypeptide 

25 and as products for ^the large scale synthesis of the 
polypeptide by a variety of recombinant techniques. 
The molecule is useful for generating new cloning and 
expression vectors, transformed and transfected 
prokaryotic and eukaryotic host cells, and new and 

30 useful methods for cultured growth of such host cells 
capable of expression of the polypeptide and related 
products. 

Moreover, the isolated mammalian nucleic acid molecules 
35 encoding a mammalian prostate-specific membrane antigen 
and the alternatively spliced PSM' are useful for the 
development of probes to study the tumorigenesis of 
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prostate cancer. 

This invention also provides an isolated nucleic acid 
molecule of at least 15 nucleotides capable of 
5 specifically hybridizing with a sequence of a nucleic 
acid molecule encoding the prostate-specific membrane 
antigen or the alternatively spliced prostate specific 
membrane antigen. 

10 This nucleic acid molecule produced can either be DNA 
or RNA. As used herein, the phrase "specifically 
hybridizing" means the ability of a nucleic acid 
molecule to recognize a nucleic acid sequence 
complementary to its own and to form double-helical 

15 segments through hydrogen bonding between complementary 
base pairs. 

This nucleic acid molecule of at least 15 nucleotides 
capable of specifically hybridizing with, a sequence of 

20 a nucleic acid molecule encoding the prostate,- specif ic 
membrane antigen can be used as a probe. Nucleic acid 
probe technology is well known to those skilled in the 
art who will readily appreciate that such probes may 
vary greatly in length and may be labeled with a 

25 detectable label, suqh as a radioisotope or fluorescent 
dye, to facilitate detection of the probe. DNA probe 
molecules may be produced by insertion of a DNA 
molecule which encodes PSM antigen into suitable 
vectors, such as plasmids or bacteriophages, followed 

3 0 by transforming into suitable bacterial host cells, 
replication in the transformed bacterial host cells and 
harvesting of the DNA probes, using methods well known 
in the art. Alternatively, probes may be generated 
chemically from DNA synthesizers. 

35 

RNA probes may be generated by inserting the PSM 
antigen molecule downstream of a bacteriophage promoter 
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such as T3, T7 or SP6 . Large amounts of RNA probe may 
be produced by incubating the labeled nucleotides with 
the linearized PSM antigen fragment where it contains 
an upstream promoter in the presence of the appropriate 
5 RNA polymerase . 

This invention also provides a nucleic acid molecule of 
at least 15 nucleotides capable of specifically 
hybridizing with a sequence of a nucleic acid molecule 
10 which is complementary to the mammalian nucleic acid 
molecule encoding a mammalian prostate-specific 
membrane antigen. This molecule may either be a DNA or 
RNA molecule . 

15 The current invention further provides a method of 
detecting the expression of a mammalian PSM or PSM ' 
antigen expression in a cell which comprises obtaining 
total mRNA from the cell, contacting the mRNA so 
obtained with a labelled nucleic acid molecule of at 

20 least 15 nucleotides capable of specifically 
hybridizing with a sequence of the nucleic acid 
molecule encoding a mammalian PSM or PSM' antigen under 
hybridizing conditions, determining the presence of 
mRNA hybridized to the molecule and thereby detecting 

25 the expression of vthe mammalian prostate-specific 
membrane antigen in the cell. The nucleic acid 
molecules synthesized above may be used to detect 
expression of a. PSM "or PSM' antigen by detecting the 
presence of mRNA coding for the PSM antigen. Totail 

3 0 mRNA from the cell may be isolated by many procedures 
well known to a person of ordinary skill in the art. 
The hybridizing conditions of the labelled nucleic acid 
molecules may be determined by routine experimentation 
well known in the art. The presence of mRNA hybridized 

35 to the probe may be determined by gel electrophoresis 
or other methods known in the art . By measuring the 
amount of the hybrid made,, the expression of the PSM 
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antigen by the cell can be determined. The labeling 
may be radioactive. For an example, one or more 
radioactive nucleotides can be incorporated in the 
nucleic acid when it is made. 

5 

In one embodiment of this invention, nucleic acids are 
extracted by precipitation from lysed cells and the 
mRNA is isolated from the extract using an oligo-dT 
column which binds the poly-A tails of the mRNA 
10 molecules (13). The mRNA is then exposed to 

radioactively labelled probe on a nitrocellulose 
membrane, and the probe hybridizes to and thereby 
labels complementary mRNA sequences. Binding may be 
detected by luminescence autoradiography or 
15 scintillation counting. However, other methods for 
performing these steps are well known to those skilled 
in the art, and the discussion above is merely an 
example. 

This invention further provides another method to 
detect expression of a PSM or PSM' antigen in tissue 
sections which comprises contacting the tissue sections 
with a labelled nucleic acid molecule of at least Is 
nucleotides capable of specifically hybridizing with a 
sequence of nucleic aqid molecules encoding a mammalian 
PSM antigen under hybridizing conditions, determining 
the presence of mRNA. hybridized to the molecule and 
thereby detecting the expression of the mammalian PSM 
or PSM' antigen in tissue sections. The probes are 
also useful for in-situ hybridization or in order to 
locate tissues which express this gene, or for other 
hybridization assays for the presence of this gene or 
its mRNA. in various biological tissues. The in-situ 
hybridization using a labelled nucleic acid molecule is 
well known in the art. Essentially, tissue sections 
are incubated with the labelled nucleic acid molecule 
to allow the hybridization to occur. The molecule will 
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carry a marker for the detection because it is 
"labelled", the amount of the hybrid will be determined 
based on the detection of the amount of the marker and 
so will the expression of PSM antigen. 

5 

This invention further provides isolated PSM or PSM' 
antigen nucleic acid molecule operatively linked to a 
promoter of RNA transcription. The isolated PSM or 
PSM' antigen sequence can be linked to vector systems . 

10 Various vectors including plasmid vectors, - cosmid 
vectors, bacteriophage vectors and other viruses are 
well known to ordinary skilled practitioners. This 
invention further provides a vector which comprises the 
isolated nucleic acid molecule encoding for the PSM or 

15 PSM' antigen. 

As an example to obtain these vectors, insert and 
vector DNA can both be exposed to a restriction enzyme 
to create complementary ends on both molecules which 

2 0 base pair with each other and are then ligated together 
with DNA ligase. Alternatively, linkers can be ligated 
to the insert DNA which correspond to a restriction 
site in the vector DNA, which is then digested with the 
restriction enzyme which cuts at that site. Other 

2 5 means are also available and known to an ordinary 
skilled practitioner. 

In an embodiment, the PSM sequence is cloned in the Not 
I/Sal I site of pSPORT/vector (Gibco® - BRL) . This 

30 plasmid, p55A-PSM, was deposited on August 14, 1992 
with the American Type Culture Collection (ATCC) , 12301 
Parklawn Drive, Rockville, Maryland 20852, U.S.A. under 
the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of 

35 Microorganism for the Purposes of Patent Procedure. 

Plasmid, p5 5A-PSM, was accorded ATCC Accession Number 
75294. 



WO 96/26272 



PCTAJS96/02424 



-28- 

This invention further provides a host vector system 
for the production of a polypeptide having the 
. biological activity of the prostate-specific membrane 
antigen. These vectors may be transformed into a 
5 suitable host cell to form a host cell vector system 
for the production of a polypeptide having the 
biological activity of PSM antigen. 

Regulatory elements required for expression include 
10 promoter sequences to bind RNA polymerase and 
transcription initiation sequences for ribosome 
binding. For example, a bacterial expression vector 
includes a promoter such as the lac promoter and for 
transcription initiation the Shine -Dalgarno sequence 
15 and the start codon AUG (14) . Similarly, a eukaryotic 
expression vector includes a heterologous or homologous 
promoter for RNA polymerase II, a downstream 
polyadenylation signal, the start codon AUG, and a 
termination codon for detachment of the ribosome. Such 

2 0 vectors may be obtained commercially or assembled from 

the sequences described by methods well known in the 
art , for example the methods described above for 
constructing vectors in general. Expression vectors 
are useful to produce cells that express the PSM 
25 antigen. \ 

This invention further provides an isolated DNA or cDNA 
molecule described hereinabove wherein the host cell is 
selected from the group consisting of bacterial cells 
30 (such as E . coli ) , yeast cells, fungal cells, insect 

cells and animal cells. Suitable animal cells include, 
but are not limited to Vero cells, HeLa cells, Cos 
cells, CV1 cells and various primary mammalian cells. 

3 5 This invention further provides a method of producing 

a polypeptide having the biological activity of the 
prostate-specific . membrane antigen which comprising 
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growing host cells of a vector system containing the 
PSM antigen, sequence under suitable conditions 
permitting production of the polypeptide and recovering 
the polypeptide so produced. 

This invention provides a mammalian cell comprising a 
DNA molecule encoding a mammalian PSM or PSM' antigen, 
such as a mammalian cell comprising a plasmid adapted 
for expression , in a mammalian cell, which comprises a 
DNA molecule encoding. a mammalian PSM antigen and the 
regulatory, elements necessary for expression of the DNA 
in the mammalian cell so located relative to the DNA 
encoding the mammalian PSM or PSM' antigen as to permit 
expression thereof. 

Numerous mammalian cells may be used as hosts, 
including, but not limited to, the mouse fibroblast 
cell NIH3T3, CHO cells, HeLa cells, Ltk" cells, Cos 
cells, etc. Expression plasmids such as that described 

20 supra may be used to transfect mammalian 1 cells t by 
methods well known in the art such as calcium phosphate 
precipitation, electroporation or DNA encoding the 
mammalian PSM antigen may be otherwise introduced into 
mammalian cells, e.g., by microinjection, to obtain 

25 mammalian cells whicih comprise DNA, e.g., cDNA or a 
plasmid, encoding a mammalian PSM antigen. 

This invention provides a method for determining 
whether a ligand can bind to a mammalian prostate- 

30 specific membrane antigen which comprises contacting a 
mammalian cell comprising an isolated DNA molecule 
encoding a mammalian prostate-specific membrane antigen 
with the ligand under conditions permitting binding of 
ligands to the mammalian prostate- specif ic membrane 

35 antigen, and thereby determining whether the ligand 
binds to a mammalian prostate-specific membrane 
antigen. 



This invention further provides ligands bound to the 
mammalian PSM or PSM' antigen. 



This invention also provides a therapeutic agent 
comprising a ligand identified by the above-described 
method and a cytotoxic agent conjugated thereto. The 
cytotoxic agent may either be a radioisotope or a 
toxin. Examples of radioisotopes or toxins are well 
known to one of ordinary skill in the art. 

This invention also provides a method of imaging 
prostate cancer in human patients which comprises 
administering to the patients at least one ligand 
identified by the above-described method, capable of 
binding to the cell surface of the prostate cancer cell 
and labelled with an imaging agent under conditions 
permitting formation of a complex between the ligand 
and the cell surface PSM or PSM' antigen. This 
invention further provides a composition comprising an 
effective imaging agent of the PSM OR PSM* antigen 
ligand and a pharmaceutically acceptable carrier. 
Pharmaceutically acceptable carriers are well known m to 
one of ordinary skill in the art. For an example, such 
a pharmaceutically acceptable carrier can be 
physiological saline* 

Also provided by this - invention is a purified mammalian 
PSM and PSM' antigen. As used herein, the term 
"purified prostate-specific membrane antigen" shall 
mean isolated naturally-occurring prostate-specific 
membrane antigen or protein (purified from nature or 
manufactured such that the primary, secondary and 
tertiary conformation, and posttranslational 
modifications are identical to naturally-occurring 
material) as well as non-naturally occurring 
polypeptides having a primary- structural, conformation 
(i.e. continuous sequence of amino acid residues). 
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Such polypeptides include derivatives and analogs. 

This invention provides an isolated nucleic acid 
molecule encoding a prostate-specific membrane antigen 
5 promoter. In one embodiment the PSM promoter has at 
least the sequence as in Figures 58A-58C. 

This invention provides an isolated nucleic acid 
molecule encoding an alternatively spliced prostate- 
10 specific membrane antigen promoter. 

This invention further provides a polypeptide encoded 
by the isolated mammalian nucleic acid sequence of PSM 
and PSM' antigen. 

15 

It is believed that there may be natural ligand 
interacting with the PSM or PSM' antigen. This 
invention provides a method to identify such natural 
ligand or other ligand which can bind to the PSM or 

20 PSM' antigen. A method to identify the ligand 
comprises a) coupling the purified mammalian PSM or 
PSM' antigen to a solid matrix, b) incubating .the 
coupled purified mammalian PSM or PSM' protein with the 
potential ligands under the conditions permitting 

25 binding of ligands*; and the purified PSM or PSM' 
antigen; c) washing the ligand and coupled purified 
mammalian PSM or PSM 1 antigen complex formed in b) to 
eliminate the nonspecific binding and impurities and 
finally d) elutin'g the ligand from the bound purified 

30 mammalian PSM or PSM' antigen. The techniques of 
coupling proteins to a solid matrix are well known in 
the art. Potential ligands may either be deduced from 
the structure of mammalian - PSM or PSM' by other 
empirical experiments known by ordinary skilled 

35 practitioners. This conditions for binding may also 
easily be determined and protocols for carrying such 
experimentation have long been well documented (15). 



The ligand-PSM antigen complex will be washed. 
Finally, the. bound ligand will be eluted and 
characterized. Standard ligands characterization 
techniques are well known in the art. 

The above method may also be used to purify ligands 
from any biological source. For purification of 
natural ligands in the cell, cell lysates, serum or 
other biological samples will be used to incubate with 
the mammalian PSM or PSM' antigen bound on a matrix. 
Specific natural ligand will then be identified and 
purified as above described. 

J ' 

With the protein sequence information, antigenic areas 
may be identified and antibodies directed against these 
areas may be generated and targeted to the prostate 
cancer for imaging the cancer or therapies. 

This invention provides an antibody directed against 
the amino acid sequence of a mammalian PSM or PSM' 
antigen. 

♦ 

This invention provides a method to select specific 
regions on the PSM or PSM' antigen to generate 
antibodies. The prptein sequence may be determined 
from the PSM or PSM' DNA sequence. Amino acid 

sequences may be analyzed by methods well known to 
those skilled in the art to determine whether they 
produce hydrophobic or hydrophilic regions in the 
proteins which they build. In the case of cell 
membrane proteins, hydrophobic regions are well known 
to form the part of the protein that is inserted into 
the lipid bilayer of the cell membrane, while 
hydrophilic regions are located on the cell surface, in 
an aqueous environment. Usually, the hydrophilic 
regions will be more immunogenic than the hydrophobic 
regions. Therefore the hydrophilic amino acid 
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sequences may be selected and used to generate 
antibodies specific to mammalian PSM antigen- For an 
example, hydrophilic sequences of the human PSM antigen 
shown in hydrophi lie ity plot of Figures 16:1-11 may be 
easily selected. The selected peptides may be prepared 
using commercially available machines. As an 

alternative, DNA, such as a cDNA or a fragment thereof, 
may be cloned and expressed and the resulting 
polypeptide recovered and used as an immunogen. 



Polyclonal, antibodies against these peptides may be 
produced by immunizing animals using the selected 
peptides. Monoclonal antibodies are prepared using 
hybridoma technology by fusing antibody producing B 

15 cells from immunized animals with myeloma cells and 
selecting the resulting hybridoma cell line producing 
the desired antibody. Alternatively, monoclonal 
antibodies may be produced by in vitro techniques known 
to a person of ordinary skill in the art. These 

20 antibodies are useful to detect the expression of 
mammalian PSM antigen in. living animals, in humans, or 
in biological tissues or fluids isolated from animaJLs 
or humans . 

25 In one embodiment, .peptides Asp-Glu-Leu-Lys-Ala-Glu 
(SEQ ID No. ) , Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID No. ) 
and Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID No . ) of human PSM 
antigen are selected. 



This invention further provides polyclonal and 
monoclonal antibody (ies) against peptides Asp-Glu-Leu- 
Lys-Ala-Glu (SEQ ID No. ) , Asn-Glu-Asp-Gly-Asn-Glu 
(SEQ ID No. ) and Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID No . 

) • 

This invention provides a therapeutic agent comprising 
antibodies or ligand(s) directed against PSM antigen 



and a cytotoxic agent conjugated thereto or antibodies 
linked enzymes which activate prodrug to kill, the 
tumor. The cytotoxic agent may either be a 

radioisotope or toxin. 

This invention provides a method of imaging prostate 
cancer in human patients which comprises administering 
to the patient the monoclonal antibody . directed against 
the peptide of the mammalian PSM or PSM' antigen 
capable of binding to the cell surface of the prostate 
cancer cell and labeled with an imaging agent under 
conditions permitting formation of a complex between 
the monoclonal antibody and the cell surface prostate- 
specific membrane antigen. The imaging agent is a 
radioisotope such as Indium 111 . 

This invention further provides a prostate cancer 
specific imaging agent comprising the antibody directed 
against PSM or PSM' antigen and a radioisotope 
conjugated thereto. » 

This invention also provides a composition comprising 
an effective imaging amount of the antibody directed 
against the PSM or PSM' antigen and a pharmaceutically 
acceptable carrier. The methods to determine effective 
imaging amounts are well known to a skilled 
practitioner. One ' method is by titration using 
different amounts of the antibody. 

This invention further provides an immunoassay for 
measuring the amount of the prostate -specific membrane 
antigen in a biological sample comprising steps of a) 
contacting the biological sample with at least one 
antibody directed against the PSM or PSM' antigen to 
form a complex- with said antibody and the prostate- 
specific membrane antigen, and b) measuring the amount 
of the prostate-specific membrane antigen in said 
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^ biological sample, by measuring the amourxt of said 
complex. One example of the biological s ample is a 
serum sample '. 

5 This invention provides a method to purifv mammalian 
prostate- specif ic membrane antigen comprising steps of 
a) coupling the antibody directed against the PSM or 
PSM' antigen to a solid matrix; b) incubating the 
coupled antibody of a) with lysate containing prostate- 
10 specific membrane antigen under the condition which the 
antibody and prostate membrane specific can bind; c) 
washing the solid matrix to eliminate impurities and d) 
eluting the prostate- specif ic membrane antigen from the 
coupled antibody. 

15 

This invention also provides a transgenic nonhuman 
mammal which comprises the isolated nucleic acid 
molecule encoding a mammalian PSM or PSM' antigen. 
This invention further provides a transgenic nonhuman 

20 mammal whose genome comprises antisense DNA 
complementary to DNA encoding a mammalian prostate - 
specific membrane antigen so placed as to be 
transcribed into antisense mRNA complementary to mRNA 
encoding the prostate-specific membrane antigen and 

25 which hybridizes to mRNA encoding the prostate specific 
antigen thereby reducing its translation. 

Animal model systems which elucidate the physiological 
and behavioral roles of mammalian PSM or PSM' antigen 

30 are produced by creating transgenic animals in which 
the expression of the PSM or PSM' antigen is either 
increased or decreased, or the amino acid sequence of 
the expressed PSM antigen is altered, by a variety of 
techniques. Examples of these techniques include, but 

35 are not limited to: 1) Insertion of normal or mutant 
versions of DNA encoding a mammalian PSM or PSM' 
antigen, by microinjection, . electroporat ion, retroviral 
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transfection or other means well known to those skilled 
in the art, into appropriate fertilized embryos in 
order to produce a transgenic animal (16) or 2) 
Homologous recombination (17) of mutant or normal, 
5 human or animal versions of these genes with the native 
gene locus in transgenic animals to alter the 
regulation of expression or the structure of these PSM 
or PSM' antigen sequences. The technique of homologous 
recombination is well known in the art. It replaces 

10 the native gene with the inserted gene and so is useful 
for producing an animal that cannot express native PSM 
antigen but does express, for example, an inserted 
mutant PSM antigen, which has replaced the native PSM 
antigen in the animal's genome by recombination, 

15- resulting in undere xpression of the transporter. 

Microinjection adds genes to the genome, but does not 
remove them, and so is useful for producing an animal 
which expresses its own and added PSM antigens, 
resulting in over expression of the PSM. antigens. 



20 



One means available for producing a transgenic animal, 
with a mouse as an example, is as follows: Female 
mice are mated, and the resulting fertilized eggs are 
dissected out of their oviducts. The eggs are stored 

25 in an appropriate medium such as Me medium (16).'. DNA 
or cDNA encoding a mammalian PSM antigen is purified 
from a vector by methods well known in the art. 
Inducible promoters may be fused with the coding region 
of the DNA to provide an experimental means to regulate 

30 expression of the trans-gene. Alternatively or in 
addition, tissue specific regulatory elements may be 
fused with the coding region to permit tissue-specific 
expression of the trans-gene. The DNA, in an 
appropriately buffered solution, is put into a 

35 microinjection needle (which may be made from capillary 
tubing using a pipet puller) and the egg to be injected 
is put in a depression slide. The needle is inserted 
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into the pronucleus of the egg, and the DNA solution is 
injected. The injected egg is then transferred into 
the oviduct of a pseudopregnant mouse (a mouse 
stimulated by the appropriate hormones to maintain 
5 pregnancy but which is not actually pregnant) , where it 
proceeds to the uterus, implants, and develops to term. 
As noted above, microinjection is not the only method 
for inserting DNA into the egg cell, and is used here 
only for exemplary purposes. 

10 

Another use of the PSM antigen sequence is to isolate 
homologous gene or genes in different mammals. The gene 
or genes can be isolated by low stringency screening of 
either cDNA or genomic libraries of different mammals 

15, using probes from PSM sequence. The positive clones 
identified will be further analyzed by DNA sequencing 
techniques which are well known to an ordinary person 
skilled in the art. For example, the detection of 
members of the protein serine kinase family by homology 

20 probing. * • , 

This invention provides a method of suppressing .or 
modulating metastatic ability of prostate tumor cells, 
prostate tumor growth or elimination of prostate tumor 

25 cells comprising introducing a DNA molecule encoding a 
prostate specific membrane antigen operatively linked 
to a 5' regulatory 'element into a tumor cell, of a 
subject, in a way that expression of the prostate 
specific membrane antigen is under the control of the 

30 regulatory element, thereby suppressing or modulating 
metastatic ability of prostate tumor cells, prostate 
tumor growth or elimination of prostate tumor cells. 
The subject may be a mammal or more specifically a 
human. 

35 

In one embodiment, the DNA molecule encoding prostate 
- specific membrane antigen operatively linked to a 5' 
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regulatory element forms part of a transfer vector 
which is inserted into a cell or organism. In addition 
the vector is capable or replication and expression of 
prostate specific membrane antigen. The DNA molecule 
5 encoding prostate specific membrane antigen can be 
integrated into a genome of a eukaryotic or prokaryotic 
cell or in a host cell containing and/or expressing a 
prostate specific membrane antigen. 

10 Further, the DNA molecule encoding prostate specific 
membrane antigen may be introduced by a bacterial, 
viral, fungal, animal, or liposomal delivery vehicle. 
Other means are also available and known to an ordinary 
skilled practitioner. 

15 

Further, the DNA molecule encoding a prostate specific 
membrane antigen operatively linked to a promoter or 
enhancer. A number of viral vectors have been 
described including those made from various promoters 
20 and other regulatory elements derived from virus 
sources. Promoters consist of short arrays of nucleic 
acid sequences that interact specif ically with cellular 

w m 

proteins involved in transcription. The combination of 
different recognition sequences and the cellular 

2 5 concentration of the cognate transcription factors 

determines the efficiency with which a gene is 
transcribed in a particular cell type. 

Examples of suitable promoters include a viral 

3 0 promoter. Viral promoters include: adenovirus 

promoter, an simian virus 40 (SV40) promoter, a 
cytomegalovirus (CMV) promoter, a mouse mammary tumor 
virus (MMTV) promoter, a Malony murine leukemia virus 
promoter, a murine sarcoma virus promoter, and a Rous 
3 5 sarcoma virus promoter. 



Further, another suitable promoter is a heat shock 
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promoter. Additionally, a suitable promoter is a 
bacteriophage promoter. Examples of suitable 

bacteriophage promoters include but not limited to, a 
,T7 promoter, a T3 promoter, an SP6 promoter, a lambda 
5 promoter, a baculovirus promoter. 

Also suitable as a promoter is an animal cell promoter 
such as an interferon promoter, a metallothionein 
promoter, an immunoglobulin promoter. A fungal 

10 promoter is also a suitable promoter. Examples of 
fungal promoters include but are not limited to, an 
ADC1 promoter, an ARG promoter, an ADH promoter, a CYC1 
promoter, a CUP promoter, an EN01 promoter, a GAL 
promoter, a PHO promoter, a PGK promoter, a GAPDH 

15 promoter, a mating type factor promoter. Further, 
plant cell promoters and insect cell promoters are also 
suitable for the methods described herein. 



20 



This invention provides a method of suppressing or 
modulating metastatic ability of prostate tumor cells, 
prostate tumor growth or elimination of prostate tumor 
cells, comprising introducing a DNA molecule encoding 



a 



prostate specific membrane antigen operatively linked 
25 to a 5' regulatory element coupled with a therapeutic 
DNA into a tumor cell of a subject, thereby suppressing 
or modulating metastatic ability of prostate tumor 
cells, prostate tumor growth or elimination of prostate 
tumor cells. The subject may be a mammal or more 
30 specifically a human. 

Further, the therapeutic DNA which is coupled to the 
DNA molecule encoding a prostate specific membrane 
antigen operatively linked to a 5' regulatory element 
35 into a tumor cell may code for a cytokine, viral 
antigen, or a pro-drug activating enzyme. Other means 
are also available and known to an ordinary skilled 



practitioner. 

In addition, this invention provides a prostate tumor 
cell, comprising a DNA molecule isolated from mammalian 
nucleic acid encoding a mammalian prostate-specific 
membrane antigen under the control of a prostate 
specific membrane antigen operatively linked to a 5' 
regulatory element. 

As used herein, DNA molecules include complementary DNA 
(cDNA) , synthetic DNA, and genomic DNA. 

This invention provides a therapeutic vaccine for 
preventing human prostate tumor growth or stimulation 
of prostate tumor cells in a subject, comprising 
administering an effective amount to the prostate cell, 
and a pharmaceutical acceptable carrier, thereby 
preventing the tumor growth or stimulation of tumor 
cells in the subject. Other means are also available 
and known to an ordinary skilled practitioner • 

This invention provides a method of detecting 
hematogenous micrometastic tumor cells of a subject, 
comprising (A) performing nested polymerase chain 
reaction (PCR) on bipod, bone marrow or lymph node 
samples of the subject using the prostate specific 
membrane antigen primers or alternatively spliced 
prostate specific antigen primers, and (B) verifying 
micrometastases by DNA sequencing and Southern 
analysis, thereby detecting hematogenous micrometastic 
tumor cells of the subject. The subject may be a mammal 
or more specifically a human. 

The micrometastatic tumor cell may be a prostatic 
cancer and the DNA primers may be derived from prostate 
specific antigen. Further, the subject may be 
administered with simultaneously an effective amount of 
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hormones, so as to increase expression of prostate 
specific membrane antigen. Further, growth factors or 
cytokine may be administered in separately or in 
conjunction with hormones. Cytokines include, but are 
not limited to: transforming growth factor beta, 
epidermal growth factor (EGF) family, fibroblast growth 
factors, hepatocyte growth factor, insulin-like growth 
factors, B- nerve growth factor, platelet -derived growth 
factor, vascular endothelial growth factor, interleukin 
1, IL-1 receptor antagonist, interleukin 2 , interleukin 
-3, interleukin 4, interleukin 5, interleukin 6, IL-6 
soluble receptor, interleukin 7, interleukin 8, 
interleukin 9, interleukin 10, interleukin 11, 
interleukin 12, interleukin 13 , angiogenin, chemokines, 
15 colony stimulating factors, granulocyte -macrophage 
colony stimulating factors, erythropoietin, interferon, 
interferon gamma, leukemia inhibitory factor, 
oncostatin M, pleiotrophin, secretory leukocyte 
protease inhibitor, stem cell factor, tumor necrosis 
factors, adhesion molecule, and soluble tumor, necrosis 
factor (TNF) receptors. 



20 



This invention provides a method of abrogating €he 
mitogenic response due to transferrin, comprising 
25 introducing a DNA mc-lecule encoding prostate specific 
membrane antigen operatively linked to a 5' regulatory 
element into a tumor cell, the expression of which gene 
is directly associated with a defined pathological 
effect within a multicellular organism, thereby 
abrogating mitogen response due to transferrin. The 
tumor cell may be a prostate cell. 



30 



This invention provides a method of determining 
prostate cancer progression in a subject which 
35 comprises: a) obtaining a suitable prostate tissue 
sample; b) extracting RNA from the prostate tissue 
sample; c) performing a RNAse. protection assay on. the 
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RNA thereby forming a duplex RNA-RNA hybrid; d) 
detecting PSM and PSM' amounts in the tissue sample; e) 
calculating a PSM/PSM' tumor index, thereby determining 
prostate cancer progression in the subject. In-situ 
5 hyribridization may be performed in conjunction with 
the above detection method. 

This invention provides a method of detecting prostate 
cancer in a subject which comprises: (a) obtaining 
10 from a subject a prostate tissue sample; (b) treating 
the tissue sample so as to separately recover nucleic 
acid molecules present in the prostate tissue sample; 
(c) contacting the resulting nucleic acid molecules 
with multiple pairs of single-stranded labeled 
15 oligonucleotide primers, each such pair being capable 
of specifically hybridizing to the tissue sample, under 
hybridizing conditions; (d) amplifying any nucleic 
acid molecules to which a pair of primers hybridizes so 
as to obtain a double- stranded amplification product; 
20 (e) treating any such double -stranded amplification 

product so as to obtain single-stranded nucleic acid 
molecules therefrom; (f) contacting any resulting 
single-stranded nucleic acid molecules with multiple 
single-stranded labeled oligonucleotide probes, each 
25 such probe containing the same label and being capable 
of specifically hybridizing with such tissue sample, 
under hybridizing conditions; (g) contacting any 
resulting hybrids with an antibody to which a marker is 
attached and which is capable of specifically forming 
a complex with the labeled-probe, when the probe is 
present in such a complex, under complexing conditions; 
and (h) detecting the presence of any resulting 
complexes, the presence thereof being indicative of 
prostate cancer in a subject. 



30 
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This invention provides a method of enhancing antibody 
based targeting of PSM or PSM' in prostate tissue for 
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diagnosis or therapy of prostate cancer comprising 
administering to a patient b-FGF in sufficient amount 
to cause upregulation of PSM or PSM' expression. 

5 This invention provides a method of enhancing antibody . 
based targeting of PSM or PSM' in prostate tissue for 
diagnosis or therapy of prostate cancer comprising 
administering to a patient TGF in sufficient amount to 
cause upregulation of PSM expression or PSM' . 

10 

This invention provides a method of enhancing antibody 
based targeting of PSM or PSM' in prostate tissue for 
diagnosis or therapy of prostate cancer comprising 
administering to a patient EGF in sufficient amount to 
15 cause upregulation of PSM or PSM' expression. 

This invention provides a pharmaceutical composition 
comprising an effective amount of PSM or the 
alternatively spliced PSM and a carrier or diluent. 

20 Further, this invention provides a method for 
administering to a subject, preferably a human, the 
pharmaceutical composition. Further, this invention 
provides a composition comprising an amount of PSM or 
the alternatively spliced PSM and a carrier or diluent. 

25 Specifically, this invention may be used as a food 
additive. 

The: compositions are administered in a manner 
compatible with the dosage formulation, and in a 
3 0 therapeutically effective amount. Precise amounts of 
active ingredient . required to be administered depend on 
the judgment of the practitioner and are peculiar to 
each subject. 

3 5 Suitable regimes for initial administration and booster 
shots are also variable, but are typified by an initial 
administration followed by repeated doses at one or 
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more hour intervals by a subsequent injection or other 
administration. 

As used herein administration means a method of 
administering to a subject. Such methods are well 
known to those skilled in the art and include, but are 
not limited to, administration topically, parenterally , 
orally, intravenously, intramuscularly, subcutaneous ly 
or by aerosol. Administration of PSM may be effected 
continuously or intermittently. 

The pharmaceutical formulations or compositions of this 
invention may be in the dosage form of solid, semi- 
solid, or liquid such as, e.g., suspensions, aerosols 
or the like. Preferably the compositions are 

administered in unit dosage forms suitable for single 
administration of precise dosage amounts. The 
compositions may also include, depending on the 
formulation desired, pharmaceutically- acceptable , non- 
toxic carriers or diluents, which are defined as 
vehicles commonly used to formulate pharmaceutical 
compositions for animal or human administration. The 
diluent is selected so as not to affect the biological 
activity of the combination. Examples of such diluents 
are distilled watery physiological saline, Ringer's 
solution, dextrose solution, and Hank's solution. In 
addition/ the pharmaceutical composition or formulation 
may also include other carriers, adjuvants; or 
nontoxic , nontherapeut ic , nonimmunogenic stabilizers 
and the like. Effective amounts of such diluent or 
carrier are those amounts which are effective to obtain 
a pharmaceutically acceptable formulation in terms of 
solubility of components, or biological activity, etc 

This invention will be better understood from the 
Experimental Details which follow. However, one 
skilled in. the art will readily appreciate that the 
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specif ic methods and results discussed are merely 
illustrative of the invention as described more fully 
in the claims which follow thereafter. 
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5 Materials and Methods: The approach for cloning the 
gene involved purification of the antigen by 
immunoprecipitation, and microsequencing of several 
internal peptides for use in synthesizing degenerate 
oligonucleotide primers for subsequent use in the 
10 polymerase chain reaction (19, 20) . A partial cDNA was 
amplified as a PGR product and this was used as a 
homologous probe to clone the full-length cDNA molecule 
from a LNCaP (Lymph Node Carcinoma of Prostate) cell 
line cDNA plasmid library (8). 

15 

Western Analysis of the PSM Antigen: Membrane proteins 
were isolated from cells by hypotonic lysis followed by 
centrif ugation over a sucrose density gradient (21) . 
10-20/xg of LNCaP, DU-145, and PC-3 membrane proteins 

20 were electrophoresed through a 10% SDS-PAGE resolving 
gel with a 4% stacking gel at 9-10 milliamps for 16-18 
hours . Proteins were electroblotted onto PVDF 

membranes (Millipore® Corp.) in transfer buffer (48mM 
Tris base, 39mM Glycine, 20% Methanol) at 25 volts 

25 overnight at 4°C. Membranes were blocked in TSB (0.15M 
NaCI, 0.01M Tris base, 5% BSA) for 30 minutes at room 
temperature followed -by incubation with 10-15/xg/ml of 
CYT-356 monoclonal antibody (Cytogen Corp.) for 2 
hours. Membranes were then incubated with 10-15/xg/ml 

30 of rabbit ant i -mouse immunoglobulin (Accurate 
Scientific) for 1 hour at room temperature followed by 
incubation with 125 I-Protein A (Amersham®) at lxlO 6 
cpm/ml at room temperature. Membranes were then washed 
and autoradiographed for 12-24 hours at -70°C (Figure 

35 1). . 
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Immunohistochemical Analysis of PSM Antigen Expression: 

The avidin-biotin method of immunohistochemical 
detection was employed to analyze both human tissue 
sections and cell lines for PSM Antigen expression 
5 (22) . Cryostat-cut prostate tissue sections (4-6/im 
thick) were fixed in ' methanol /acetone for 10 minutes. 
Cell cytospins were made on glass slides using 50,000 
cells/lOO^l/slide. Samples were treated with 1% 
hydrogen peroxide in PBS for 10-15 minutes in order to 
10 remove any endogenous peroxidase activity. Tissue 
sections were washed several times in PBS, and then 
incubated with the appropriate suppressor serum for 20 
minutes . The suppressor serum was drained off and the 
sections or cells were then incubated with the diluted 
15 CYT-356 monoclonal antibody for 1 hour. Samples were 
then washed with PBS and sequentially incubated with 
secondary antibodies (horse or goat immunoglobulins, 
1:200 dilution for 30 minutes) , and with avidin-biotin, 
complexes (1:25 dilution for 30 minutes) . DAB was used 
2 0 as a chromogen, followed by hematoxylin count^rstaining 
and mounting. Frozen sections of prostate samples 'and 
duplicate cell cytospins were used as controls for each 
experiment. As a positive control, the anfi- 
cytokeratin monoclonal antibody CAM- 5.2 was used 
25 following the same procedure described above. Tissue 
sections are considered by us to express the PSM 
antigen if at least 5% of the cells demonstrate 
immunoreactivity. The scoring system is as follows: 
1 = <5%; 2 =5-19%; 3 « 20-75%; and 4 = >75% positive 
30 cells. Homogeneity versus heterogeneity was accounted 
for by evaluating positive and negative cells in 3-5 
high power light microscopic fields (400x) , recording 
the percentage of positive cells among 100-500 cells. 
The intensity of immunostaining is graded on a 1+ to 4+ 
35 scale, where 1+ represents mild, 2-3+ represents 
moderate, and 4+ represents intense immunostaining as 
compared to positive controls. 
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Inmiunoprecipitation of the PSM Antigen: 80%-conf luent 
LNCaP cells in 100mm petri dishes were starved in RPMI 
media without methionine for 2 hours, after which 35 S- 
Methionine was added at 100/iCi/ml and the cells were 
5 grown for another 16-18 hours. Cells were then washed 
and lysed by the addition of lml of lysis buffer (1% 
Triton X-100, 50mM Hepes pH 7.5, 10% glycerol, 150mM 
MgCl 2 , lmM PMSF, and ImM EGTA) with incubation for 20 
minutes at 4°C. Lysates were pre-cleared by mixing 

10 with Pansorbin® cells (Calbiochem®) for 90 minutes at 
4°C. Cell lysates were then mixed with Protein A 
Sepharose® CL-4B beads (Pharmacia®) previously bound 
with CYT-356 antibody (Cytogen Corp.) and RAM antibody 
(Accurate Scientific) for 3-4 hours at 4°C. 12/xg of 

15 antibody was used per 3mg of beads per petri dish. 

Beads were then washed with HNTG buffer (2 0mM Hepes pH 
7.5, lBOmM NaCl , 0.1% Triton X-100, 10% glycerol, and 
2mM Sodium Orthovanadate) , resuspended in sample 
loading buffer containing S-mercaptoethanol , denatured 

20 at 95°C for 5-10 minutes and run on a 10% SDS»- PAGE gel 
with a 4° stacking gel at 10 milliamps overnight. Gels 
were stained with Coomassie Blue, destained with acetic 
acid/methanol , and dried down in a vacuum dryer at 
60°C. Gels were then autoradiographed for 16-24 hours 

25 at -70°C (Figures 2A T ,2D) . 

Immunoprecipitation and Peptide Sequencing: 

The procedure described above for immunoprecipitation 
was repeated with 8 confluent petri dishes containing 

3 0 approximately 6xl0 7 LNCaP cells. The 
immunoprecipitation product was pooled and loaded into 
two lanes of a 10% SDS-PAGE gel and electrophoresed at 
9-10 milliamps for 16 hours. Proteins were 

electroblotted onto Nitrocellulose BA-85 membranes 

35 (Schleicher and Schuell®) for 2 hours at 75 volts at 

4°C in transfer buffer. Membranes were stained with 
Ponceau Red to visualize the proteins and the lOOkD 
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protein band was excised, solubilized, and digested 
proteolytically with trypsin. HPLC was then performed 
on the digested sample on an Applied Biosystems Model 
171C and clear dominant peptide peaks were selected and 
5 sequenced by modified Edman degradation on a modified 
post liquid Applied . Biosystems Model 477A 
Protein/Peptide Microsequencer (23) . Sequencing data 
on all of the peptides is included within this 
document.. The amino- terminus of the PSM antigen was 

10 sequenced by a similar method which involved purifying 
the antigen by immunoprecipitation and transfer via 
electro-blotting to a PVDF membrane (Millipore®) . 
Protein was analyzed on an Applied Biosystems Model 
477A Protein/Peptide Sequencer and the amino terminus 

15 was found to be blocked , and therefore no sequence data 
could be obtained by this technique. 

PSM Antigen Peptide Sequences: 



30 



20 2T17 #5 SLYES(W)TK (SEQ ID No. ) 

2T22 #9 (S) YPDGXNLPGG(g) VQR (SEQ ID No; — ) 

2T26 #3 FYDPMFK (SEQ ID No. ) 

2T27 #4 IYNVIGTL(K) (SEQ ID No. ) 

2T34 #6 FLYXXTQI PHLAGTEQNFQLiAK (SEQ ID No . ) 

2 5 2T3 5 #2 G/PVILYSDPADYFAPD/GVK (SEQ ID No. ) 

2T38 #1 AFIDPLGLPDRPFYR (SEQ ID No. ) 

2T46 #8 YAGESFPGIYDALFDIESK (SEQ ID No. ) 

2T47 #7 TILFAS (W) DAEEFGXX (q) STE (e) A (E) . . . (SEQ ID No. 



) 



Notes: X means that no residue could be identified at 
this position. Capital denotes identification but with 
a lower degree of confidence. (lower case) means 
residue present but at very low levels. ... indicates 
3 5 sequence continues but has dropped below detection 
limit. 
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All of these peptide sequences were verified to be 
unique after a complete homology search of the 
translated Genbank computer database . 

5 Degenerate PCR: Sense and anti-sense 5'- 
unphosphorylated degenerate oligonucleotide primers 17 
to 20 nucleotides in length corresponding to portions 
of the above peptides were synthesized on an Applied 
Biosystems Model 394A DNA Synthesizer. These primers 
10 have degeneracies from 32 to 144. The primers used are 
shown below. The underlined amino acids in the 
peptides represent the residues used in primer design. 

Peptide 3: FYDPMF K (SEQ ID No. ) 

15 

PSM Primer "A" TT(C or T) - TA(C or T) - GA(C or T) - 

CCX - ATG - TT (SEQ ID No . ) 

PSM Primer "B" AAC - ATX - GG ( A or G) - TC(A or G) - 
20 TA (A or G) - AA (SEQ ID No. ) * 

Primer A is sense primer and B is anti-sense. 

«■ 

Degeneracy is 32 -fold. 

25 Peptide 4: IYNVI'G TL (K) (SEQ ID No . 6) 

PSM Primer "C" AT (T or C or A) - TA (T or C) - AA (T or 
C) - GTX - AT (T or C or A) - GG (SEQ ID No. ) 

3 0 PSM Primer "D" CC(A or T or G) - ATX - AC(G or A) - 
TT (A or G) - TA (A or G or T) - AT (SEQ ID No . ) 

Primer C is sense primer and D is anti-sense. 
Degeneracy is 144 -fold. 

35 

Peptide 2: G/PVILYSD PADYFA PD/GVK (SEQ ID No . ) 
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PSM Primer "E" CCX - GCX - GA(T or C) 
TT(T or C) - GC (SEQ ID No. ) 

PSM Primer "F" GC(G or A) - AA(A or G) 
5 TXC - GCX - GG (SEQ ID No. ) 

Primer E is sense primer and F is antisense primer. 
Degeneracy is 128-fold. 

10 Pentide 6: FLYXXTQIPHLAGTEQNFfiLAK (SEQ ID No. ) 

PSM Primer "I" ACX - GA(A or G) - CA(A or G) - AA(T or 
C) - TT (T or. C) - CA(A or G) - CT (SEQ ID No . ) 

15 PSM Primer "J" AG -r (T or C) TG - (A or G)AA - (A or 
G) XT - (T or C)TG - (T or C)TC - XGT (SEQ ID No. ) 

PSM Primer "K" GA(A or G) - CA(A or G) - AA(T or C) - 
TT (T or G) CA(A or G) - CT (SEQ ID No. ) 

20 • 

PSM Primer "L" AG - (T or C) TG - (A or G)AA - (A or 
G) TT - (T or C) TG - (T or C)TC (SEQ ID No. 22) 

Primers I and K are sense primers and J and L are anti - 
25 sense. I and J have -degeneracies of 128-fold and K and 
L have 32 -fold degeneracy. 

Peptide 7: - TUFAS CW) DAEEFG XX (q) STE (e) A (E) . ♦ . (SEQ 

ID NO. ) 

30 

PSM Primer " M " TGG - GA(T or C) - GCX - GA(A or G) - 
GA(A or G) - TT(C or T) - GG (SEQ ID No. ) 

PSM Primer "N" CC - (G or A) AA - (T or C) f C - (T or 
35 C)TC - XGC - (A or G)TC - CCA (SEQ ID No. ) 
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- TA(T or C) - 



- TA (A or G) - 



PSM Primer "O" TGG - GA(T or C) - GCX - GA(A or G) - 
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GA (A or G) - TT (SEQ ID No. ) 

PSM Primer "P" AA - (T or C)TC - (T or C)TC - XGC - (A 
or G)TC - CCA (SEQ ID No. ) 

5 

Primers M and O are sense primers and N and P are anti- 
sense. M and N have degeneracy of 64 -fold and 0 and P 
are 32 -fold degenerate, 

10 Degenerate PCR was performed using a Perkin-Elmer Model 
4 80 DNA thermal cycler. cDNA template for the PCR was 
prepared from LNCaP mRNA which had been isolated by 
standard methods of oligo dT chromatography 
(Collaborative Research). The cDNA synthesis was 

15 carried out as follows: 

4.5/il LNCaP poly A+ RNA (2 fig) 

1.0/xl Oligo dT primers (0.5/ig) 

4 , 5ul dH 2 0 

20 10/xl / 

Incubate at 68°C x 10 minutes. 
Quick chill on ice x 5 minutes. 



Add: 




4/zl 


5 x RT Buffer 


2 /il 


0.1M DTT 


1/zl 


lOmM dNTPs 


0.5/il 


RNasin (Promega) 


1 . 5ul 


dH 2 0 


19^1 





Incubate for 2 minutes at 37°C. 
35 Add 1/il Superscript® Reverse Transcriptase (Gibco®-BRL) 
Incubate for 1 hour at 37°C. 
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Add 3 0^1 dH 2 0. 

Use 2^1 per PCR reaction. 

Degenerate PCR reactions were optimized by .varying the 
5 annealing temperatures, Mg++ concentrations, primer 
concentrations, buffer composition, extension times and 
number of cycles. The optimal thermal cycler profile 
was: Denaturation at 94°C x 30 seconds, Annealing at 
45-55°C for 1 minute (depending on the mean T m of the 
10 primers used), and Extension at 72°C for 2 minutes. 



5/il 10 x PCR Buffer* 

5 /zl 2.5mM dNTP Mix 

5 M 1 Primer Mix (containing 0.5-1.0/zg each of 
15 sense and anti-sense primers) 

5^1 lOOmM S-mercaptoethanol 

2/xl LNCaP cDNA template 

S/il 25mM MgCl 2 (2.5mM final) 

21 /il dH 2 0 

20 2ul diluted Taq Polymerase (0.5U/mD 



50m1 total volume 

m 

Tubes were overlaid with 6 0m1 of light mineral oil and 
amplified for 30 cycles. PCR products were analyzed by 
25 electrophoresing 5Ml v of each sample on a 2-3% agarose 
gel followed by staining with Ethidium bromide and 
photography. 

* 10x PCR Buffer 
30 166mM NH 4 S0 4 

670mM Tris, pH 8.8 
2mg/ml BSA 

Representative photographs displaying PCR products are 
35 shown in Figure 5. 

Cloning of PCR Products: In order to further analyze 
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these PCR products, these products were cloned into a 
suitable plasmid vector using "TA Cloning" (Invitrogen® 
Corp.) . The cloning strategy, employed here is to 
directly ligate PCR products into a plasmid vector 
5 possessing overhanging T residues at the insertion 
site, exploiting the fact that Taq polymerase leaves 
overhanging A residues at the ends of the PCR products. 
The ligation mixes are transformed into competent E. 
coli cells and resulting colonies are grown up, plasmid 
10 DNA is isolated by the alkaline lysis method (24) , and 
screened by restriction analysis (Figures 6A-6B) . 

DNA Sequencing of PCR Products: TA Clones of PCR 
products were then sequenced by the dideoxy method (25) 
15 using Sequenase (U.S. Biochemical). 3-4/ig of each 
plasmid DNA was denatured with NaOH and ethanol 
precipitated. Labeling reactions were carried out as 
per the manufacturers recommendations using 35 S-ATP, and 
the reactions were terminated as per the same protocol . 

2 0 Sequencing products were then analyzed* on 6% 

polyacrylamide/7M Urea gels using an IBI sequencing 
apparatus. Gels were run at 120 watts for 2 hour's. 
Following electrophoresis, the gels were fixed for 15- 
20 minutes^ in 10% methanol/10% acetic acid, transferred 
25 onto Whatman 3 MM paper and dried down in a Biorad® 
vacuum dryer at 80°C for 2 hours. Gels were then 
autoradiographed at room temperature for 16-24 hours. 
In order to determine whether the PCR products were the 
correct clones, the sequences obtained at the 5' and 3' 

3 0 ends of the molecules were analyzed for the correct 

primer sequences, as well as adjacent sequences which 
corresponded to portions of the peptides not used in 
the design of the primers. 

3 5 IN- 2 0 was confirmed to be correct and represent a 
partial cDNA for the PSM gene. In this PCR reaction, 
I and N primers were used. The DNA sequence reading 
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from the I primer was: 

ACG GAG CAA AAC TTT CAG CTT GCA AAG (SEQ ID No. ) 
T E O N F O L A K (SEQ ID No . ) 

5 

The underlined amino acids were the portion of peptide 
6 that was used to. design this sense primer and the 
remaining amino acids which agree with those present 
within the peptide confirm that this end of the 
10 molecule represents the correct protein (PSM antigen) . 

When analyzed the other end of the molecule by reading 
from the N primer the anti-sense sequence was: 

15 CTC TTC GGC ATC CCA GCT TGC AAA CAA AAT TGT TCT (SEQ ID 

No. ) 

Sense (complementary) Sequence: 

2 0 AGA ACA ATT TTG TTT GCA AGC TGG GAT GCC AAG G^G (SEQ ID 

No. ) 

R T I L F A S W D A E E (SEQ ID 
No. ) * 

25 The underlined amino^ acids here represent the portion 
of peptide 7 used to create primer N. All of the amino 
acids upstream of thi$ primer are correct in the IN- 2 0 
.clone, agreeing with the amino acids found in peptide 
7. Further DNA sequencing has enabled us to identify 

30 the presence of other PSM peptides within the DNA 
sequence of the positive clone. 

The DNA sequence of this partial cDNA was found to be 
unique when screened on the Genbank computer database . 

35 

cDNA Library Construction and Cloning of Full - Length 
PSM cDNA: A cDNA library from LNCaP mRNA was 
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constructed using the Superscript® plasmid system 
(BRL®-Gibco) . The library was transformed using 
competent DH5-a cells and plated onto 100mm plates 
containing LB plus 100/ig/ml of Carbenicillin . Plates 
5 were grown overnight at 3 7 °C and colonies were 
transferred to nitrocellulose filters. Filters were 
processed and screened as per Grunstein and Hogness 
(26), using the 1 . lkb partial cDNA homologous probe 
which was radiolabelled with 32 P-dCTP by random priming 

10 (27) . Eight positive colonies were obtained which upon 

DNA restriction and sequencing analysis proved to 
represent full-length cDNA molecules coding for the PSM 
antigen. Shown in Figure 7 is an autoradiogram showing 
the size of the cDNA molecules represented in the 

15 library and in Figure 8 restriction analysis of several 
full-length clones is shown. Figure 9 is a plasmid 
Southern analysis of the samples in Figure 8, showing 
that they all hybridize to the 1 . lkb partial cDNA 
probe . 

20 f 

Both the cDNA as well as the antigen have been, screened 
through the Genbank Computer database (Human Genome 
Project) and have been found to be unique. 

2 5 Northern Analysis o*f PSM Gene Expression: Northern 

analysis (28) of the PSM gene has revealed that 
expression is limited to the prostate and to prostate 
carcinoma. 

3 0 RNA samples (either 10/ig of total RNA or 2/xg of poly A+ 

RNA) were denatured and electrophoresed through 1 . 1% 
agarose/ formaldehyde gels at 60 milliamps for 6-8 
hours. RNA was then transferred to Nytran® nylon 
membranes (Schleicher and Schuell®) by pressure 
35 blotting in lOx SSC with a Posi-blotter (Stratagene® ) . 

RNA was cross -linked to the membranes using a 
Stratalinker (Stratagene^) and subsequently baked in a 
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vacuum oven at 80 °C for 2 hours. Blots were pre- 
hybridized at 65°C for 2 hours in prehybridization 
solution ( BRL® ) and subsequently hybridized for 16 
hours in hybridization buffer (BRL®) containing 1-2 x 
5 10 6 cpm/ml of 32 P-labelled random-primed cDNA probe . 
Membranes were washed twice in lx SSPE/1% SDS and twice 
in O.lx SSPE/1% SDS at 42°C. Membranes were then air- 
dried and autoradiographed for 12-36 hours at -7p°C. 

10 PCR Analysis of PSM Gene Expression in Human Prostate 
Tissues: PCR was performed on 15 human prostate samples 
to determine PSM gene expression. Five samples each 
from normal prostate tissue, benign prostatic 
hyperplasia, and prostate cancer were used (histology 

15 confirmed by MSKCC Pathology Department) . 

10^g of total RNA from each sample was reverse 
transcribed to made cDNA template as previously 
described in section IV. The primers used corresponded 
20 to the 5' and 3' ends of the l.lkb partial cDNA, IN-20, 
and therefore the expected size of the amplified band 
is l.lkb. Since the T m of the primers is 64 °C. PCR 
primers were annealed at 60°C. PCR was carried out for 
35 cycles using the same conditions previously 

2 5 described in section, IV. 

LNCaP and H2 6 - Ras transfected LNCaP (29) were 
included as a positive control and DU-145 as a negative 
control. 14/15 samples clearly amplified the l.lkb. 

3 0 band and therefore express the gene. 

Experimental Results 

The gene which encodes the lOOkD PSM antigen has been 
identified. The complete cDNA sequence is shown in 
35 Sequence .ID #1. Underneath that nucleic acid sequence 
is the predicted translated amino acid sequence . The 
total number of the amino acids is 750, ID #2 . The 
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hydrophilicity of the predicted protein sequence is 
shown in Figures 16:1-11. Shown in Figures 17A-17C are 
three peptides with the highest point of 
hydrophilicity . They are: Asp-Glu-Leu-Lys-Ala-Glu (SEQ 
5 ID No. ); Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID No/ ; and 

Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID No . ) . 

By the method of Klein, Kanehisa and DeLisi, a specific 
membrane -spanning domain is identified. The sequence 
10 is from the amino acid #19 to amino acid #44: Ala-Gly- 
Ala-Leu-Val-Leu-Aal-Gly-Gly-Phe-Phe-Leu-Leu-Gly-Phe- 
Leu-Phe (SEQ ID No. ) . 

This predicted membrane -spanning domain was computed on 
15 PC Gene (computer software program) . This data enables 
prediction of inner and outer membrane domains of the 
PSM antigen which aids in designing antibodies for uses 
in targeting and imaging prostate cancer. 

20 When the PSM antigen sequence with ottver known 
sequences of the GeneBank were compared^ homology 
between the PSM antigen sequence and the transferrin 
receptor sequence were found. The data are shown *in 
Figure 18 . 

25 v 

Experimental Discussions 

Potential Uses for PSM Antigen: 

3 0 1. Tumor detection: 

Microscopic : 

Unambiguous tumor designation can be accomplished by 
use of probes for different antigens. For prostatic 
cancer, the PSM antigen probe may prove beneficial. 
35 Thus PSM could be used for diagnostic purposes and this 
could be accomplished at the microscopic level using 
in-situ hybridization using ' sense (control) and 



WO 96/26272 



PCT/US96/02424 



-59- 

antisense probes derived from the coding region of the 
cDNA cloned by the applicants. This could be used in 
assessment of local extraprostatic extension, 
involvement of lymph node, bone or other metastatic 
5 sites. As bone metastasis presents a major problem in 
prostatic cancer, early detection of metastatic spread 
is required especially for staging. In some tumors 
detection of tumor cells in bone marrow portends a grim 
prognosis and suggests that interventions aimed at 

10 metastasis be tried. Detection of PSM antigen 
expression in bone marrow aspirates or sections may 
provide such early information. PCR amplification or 
in- situ hybridization may be used. Using RT-PCR cells 
in the circulating can be detected by hematogenous 

15 metastasis. 

2 . Antigenic site identification 

The knowledge of the cDNA for the antigen also provides 
for the identification of areas that would serve as 

2 0 good antigens for the development of antibodies for use 

against specific amino acid sequences of the antigen. 
Such sequences may be at different regions such as 
outside, membrane or inside of the PSM antigen. The 
development of these specific antibodies would provide 
25 for immunohistochemic^l identification of the antigen. 

These derived antibodies could then be developed for 
use, especially ones that work in paraffin fixed 
sections as well as frozen section as they have the 
greatest utility for immunodiagnosis . 

30 

3 . Restriction fragment length polymorphism and 
genomic DNA 

Restriction fragment length polymorphisms (RFLPS) have 
proven to be useful in documenting the progression of 

3 5 genetic damage that occurs during tumor initiation and 

promotion. It may be that RFLP analysis will 

demonstrate that changes in PSM sequence restriction 
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mapping may provide evidence of predisposition to risk 
or malignant potential or progression of the prostatic 
tumor . 

5 Depending on the chromosomal location of the PSM 
antigen, the PSM antigen gene may serve as a useful 
chromosome location marker for chromosome analysis. 

4 . Serum 

10 With the development of antigen specific antibodies , if 
the antigen or selected antigen fragments appear in the 
serum they may provide for a serum marker for the 
presence of metastatic disease and be useful 
individually or in combination with other prostate 

15 specific markers. 

5 . Imaging 

As the cDNA sequence implies that the antigen has the 
characteristics of a membrane spanning protein with the 

2 0 majority of the protein on the exofacial surface, 
antibodies, especially monoclonal antibodies to the 
peptide fragments exposed and specific to the tumor may 
provide for tumor imaging local extension of metastatic 
tumor or residual tumor following prostatectomy or 

2 5 irradiation. The knowledge of the coding region 
permits the generation of monoclonal antibodies and 
these can be used in combination to provide for maximal 
imaging purposes. Because the antigen shares a 
similarity with the transferrin receptor based on cDNA 

30 analysis (approximately 54%), it may be that there is 
a specific normal ligand for this antigen and that 
identification of the ligand (s) would provide another 
means of imaging. 

35 6. Isolation of ligands 

The PSM antigen can be used to isolate the normal 
ligand (s) that bind to it. These ligand (s) depending 
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on specificity may be used for targeting, or their 
serum levels may be predictive of disease status. If 
it is found .that the normal ligand for PSM is a carrier 
molecule then it may be that PSM could be used to bind 
5 to that ligand for therapy purposes (like an iron 
chelating substance) to help remove the ligand from the 
circulation. If the ligand promotes tumor growth or 
metastasis then providing soluble PSM antigen would 
remove the ligand from binding the prostate. Knowledge 
10 of PSM antigen structure could lend to generation of 
small fragment that binds ligand which could serve the 
same purpose . 

7. Therapeutic uses 

15 a) Ligands. The knowledge' that the cDNA structure of 
PSM antigen shares structural homology with the 
transferrin receptor (54% on the nucleic acid level) 
implies that there may be an endogenous ligand for the 
receptor that may or may not be transf errin- like . 

20 Transferrin is thought to be a ligand that transports 
iron into the cell after binding to the transferrin 
receptor. However, apotransf errin is being reported to 
be a growth factor for some cells which express the 
transf errin receptor (30) > Whether transferrin is a 

25 ligand for this antigen or some other ligand binds to 
this ligand remains to be determined. If a ligand is 
identified it may carry a specific substance such as a 
metal ion (iron or zinc or other) into the tumor and 
thus serve as a means to deliver toxic substances 

30 (radioactive or cytotoxic chemical i.e. toxin like 
ricin or cytotoxic alkylating agent or cytotoxic 
prodrug) to the tumor. 

The main metastatic site for prostatic tumor is the 
35 bone. The bone and bone stroma are rich in 

transferrin. Recent studies suggest that this 

microenvironment is what provides the right "soil" for 
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prostatic metastasis in the bone (31) . It may be that 
this also promotes attachment as well, these factors 
which reduce this ability may diminish prostatic 
metastasis to the bone and prostatic metastatic growth 
5 in the bone . 

It was found that the ligan* for the new antigen 
(thought to be an oncogene and marker of malignant 
phenotype in breast carcinoma) served to induce 
10 differentiation of breast cancer cells and thus could 
serve as a treatment for rather than promotor of the 
disease. It may be that ligand binding to the right 
region of PSM whether with natural ligand or with an 
antibody may serve a similar function. 

15 

Antibodies against PSM antigen coupled with a cytotoxic 
agent will be useful to eliminate prostate cancer 
cells. Transferrin receptor antibodies with toxin 
conjugates are cytotoxic to a number of tumor cells as 

2 0 tumor cells tend to express increased levels of 

transferrin receptor (32) . Transferrin receptors take 
up molecules into the cell by endocytosis. Antibody 
drug combinations can be toxic. Transferrin linked 
toxin can be toxic. 
25 V . 

b) Antibodies against PSM antigen coupled with a 
cytotoxic agent will* be useful to eliminate prostate 
cancer cells. The cytotoxic agent may be a 

radioisotope or toxin as known in ordinary skill of the 

3 0 art. The linkage of the antibody and the toxin or 

radioisotope can be chemical. Examples of direct 
linked toxins are doxorubicin, chlorambucil, ricin, 
pseudomonas exotoxin etc., or a hybrid toxin can be 
generated X with specificity for PSM and the other ^ 
35 with specificity for the toxin. Such a bivalent 
molecule can serve to bind to the tumor and the other 
M to deliver a cytotoxic to the tumor or to bind to and 
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activate a cytotoxic lymphocyte such as binding to the 
T 1 - ^ receptor complex. Antibodies of required 
specificity can also be cloned into T cells and by 
replacing the immunoglobulin domain of the T cell 
5 receptor (TcR) ; cloning in the desired MAb heavy and 
light chains; splicing the U h and U L gene segments with 
the constant regions of the a and & TCR chains and 
transfecting these chimeric Ab/TcR genes in the 
patients' T cells, propagating these hybrid cells and 

10 infusing them into the patient (33). Specific 
knowledge of tissue specific antigens for targets and 
generation of MAb' s specific for such targets will help 
make this a usable approach. Because the PSM antigen 
coding region provides knowledge of the entire coding 

15 region, it is possible to generate a number of 
antibodies which could then be used in combination to 
achieve an additive or synergistic anti-tumor action. 
The antibodies can be linked to enzymes which can 
activate non-toxic prodrugs at its site of the tumor 

20 such as Ab-carboxypeptidase and 4- (bis (2 
chloroethyl) amino) benzoyl-Qf-glutamic acid and its 
active parent drug in mice (34) . *• 

It is possible to produce a toxic genetic chimera such 

2 5 as TP- 40 a genetic recombinant that possesses the cDNA 

from TGF-alpha and the toxic portion of pseudomonas 
exotoxin so the TGF and portion of the hybrid binds the 
epidermal growth factor receptor (EGFR) and the 
pseudomonas portion gets taken up into the cell 

3 0 enzymatically. and inactivates the ribosomes ability to 

perform protein synthesis resulting in cell death. 

In addition, once the ligand for the PSM antigen is 
identified, toxin can be chemically conjugated to the 
35 ligands. Such conjugated ligands can be 

therapeutically useful. Examples of the toxins are 
daunomycin, chlorambucil, ricin, pseudomonas exotoxin, 



WO 96/26272 



PCT/US96/02424 



-64- 

etc. Alternatively, chimeric construct can be created 
linking the cDNA of ' the ligand with the cDNA of the 
toxin. An example of such toxin is TGFa and 
pseudomonas exotoxin (35) . 

5 

8. Others 

The PSM antigen may have other uses. It is well known 
that the prostate is rich in zinc, if the antigen 
provides function relative to this or other biologic 
10 function the PSM antigen may provide for utility in the 
treatment of other prostatic pathologies such as benign 
hyperplastic growth and/or prostatitis. 

Because purified PSM antigen can be generated, the 
15 purified PSM antigen can be linked to beads and use it 
like a standard "affinity" purification. Serum, urine 
or other biological samples can be used to incubate 
with the PSM antigen bound onto beads. The beads may 
be washed thoroughly and then eluted with salt or pH 
20 gradient. The eluted material is SDS gel purified and 
used as a sample for microsequencing. The sequences 
will be compared with other known proteins and . if 
unique, the technique of degenerated PCR can be 
employed for obtaining the ligand. Once known, the 
25 affinity of the ligafcd will be determined by standard 
protocols (15) . 
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EXAMPLE 2: 

EXPRESSION OF THE PROSTATE SPECIFIC MEMBRANE ANTIGEN 

5 A 2.6 5 kb complementary DNA encoding PSM was cloned. 

Immunohistochemical analysis of the LNCaP , DU-145, and 
PC- 3 prostate cancer cell lines for PSM expression 
using the 7E11-C5.3 antibody reveals intense staining 
in the LNCaP cells, with no detectable expression in 

10 both the DU-145 and PC-3 cells. Coupled in-vitro 
transcription/ translation of the 2.65 kb full-length 
PSM cDNA yields an 84 kDa protein corresponding to the 
predicted polypieptide molecular weight of PSM, Post- 
translational modification of this protein with 

15 pancreatic canine microsomes yields the expected 100 
kDa PSM antigen. Following transfection of PC-3 cells 
with the full-length PSM cDNA in a eukaryotic 
expression vector applicant's detect expression of the 
PSM glycoprotein by Western analysis using the 7E11- 

20 C5.3 monoclonal antibody. Ribonuclease protection 
analysis demonstrates that the expression of, PSM mRNA 
is almost entirely prostate-specific in human tissues. 
PSM expression appears to be highest in hormone - 
deprived states and is hormonally modulated by 

25 steroids, with DHT downregulating PSM expression in the 
human prostate cancer cell line LNCaP by 8-10 fold, 
testosterone downregulating PSM by 3-4 fold/ and 
corticosteroids showing no significant effect. Normal 
and malignant prostatic tissues consistently show high 

30 PSM expression, whereas heterogeneous, and at times 
absent, from expression of PSM in benign prostatic 
hyperplasia. LNCaP tumors implanted and grown both 
orthotopically and subcutaneously in nude mice, 
abundantly express PSM providing an excellent in -vivo 

3 5 model system to study the regulation and modulation of 
PSM expression. 
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Cells and Reagents: The LNCaP, DU-145, and PC-3 cell 
lines were obtained from the American Type Culture 

5 Collection. Details regarding the establishment and 
characteristics of these cell lines have been 
previously published (5A,7A,8A). Unless specified 
otherwise, LNCaP cells were grown in RPMI 1640 media 
supplemented with L- glut amine, nonessential amino 

10 acids, and 5% fetal calf serum (Gibco-BRL, 
Gaithersburg, MD. ) in a C0 2 incubator at 37C. DU-145 
and PC-3 cells were grown in minimal essential medium 
supplemented with 10% fetal calf serum. All cell media 
were obtained from the MSKCC Media Preparation 

15 Facility. Restriction and modifying enzymes were 
purchased from Gibco-BRL unless otherwise specified. 



20 



Inmunohistochemical Detection of PSM: Avidin-biotin 
method of detection was employed to analyze prostate, 
cancer cell lines for PSM antigen expression (9A) . 
Cell cytospins were made on glass slides using 5x10* 
cells/lOOul per slide. Slides were washed twice with 
PBS and then incubated with the appropriate suppressor 
25 serum for 20 minutes*. The suppressor serum was drained 
off and the cells were incubated with diluted 7E11-C5.3 
(5g/ml) monoclonal antibody for 1 hour. Samples were 
then washed with PBS and sequentially incubated with 
secondary antibodies for 3 0 minutes and with avidin- 
30 biotin complexes for 30 minutes. Diaminobenzidine 
served as the chromogen and color development followed 
by hematoxylin counterstaining and mounting. Duplicate 
cell cytospins were used as controls for each 
experiment. As a positive control, the anti- 
35 cytokeratin monoclonal antibody CAM 5.2 was used 
following the same procedure described above. Human E J 
bladder carcinoma cells served as a negative control. 
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In-Vitro Transcription/Translation of PSM Antigen: 

Plasmid 55A containing the full length 2.65 kb PSM cDNA 
in the plasmid pSPORT 1 (Gibco-BRL) was transcribed in- 
vitro using the Promega TNT system (Promega Corp. 
5 Madison, WI) . T7 RNA polymerase was added to the cDNA 
in a reaction mixture containing rabbit reticulocyte 
lysate, an amino acid mixture lacking methionine, 
buffer, and 35 S -Methionine (Amersham) and incubated at 
30C for 90 minutes. Post-translational modification of 

10 the resulting protein was accomplished by the addition 
of pancreatic canine microsomes into the reaction 
mixture (Promega Corp. Madison, WI.). Protein products 
were analyzed by electrophoresis on 10% SDS-PAGE gels 
which were subsequently treated with Amplify 

15 autoradiography enhancer (Amersham, Arlington Heights, 
IL.) according to the manufacturers instructions and 
dried at 8 0C in a vacuum dryer. Gels were 

autoradiographed overnight at -70C using Hyperfilm MP 
(Amersham) . 

20 

Transfection of PSM into PC-3 Cells: The full length 
PSM cDNA was subcloned into the pREP7 eukaryQtic 
expression vector (Invitrogen, San Diego, CA. ) . 
Plasmid DNA was purified from transformed DH5 -alpha 

25 bacteria (Gibco-BRlj) using Qiagen maxi- prep plasmid 
isolation columns (Qiagen Inc., Chatsworth, CA . ) . 
Purified plasmid DNA (6-10g) was diluted with 900ul of 
Optimem media (Gibco-BRL) and mixed with 3 0ul of 
Lipof ectin reagent (Gibco-BRL) which had been 

30 previously diluted with 9001 of Optimem media. This 
mixture was added to T-75 flasks of 40-50% confluent 
PC-3 cells in Optimem media. After 24-36 hours, cells 
were trypsinized and split into iOOmm dishes 

containing RPMI 1640 media supplemented with 10% fetal 

35 calf serum and 1 mg/ml of Hygromycin B (Calbiochem, La 
Jolla, CA.). The dose of Hygromycin B used was 
previously determined by a time course/dose response 
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cytotoxicity assay. Cells were maintained in ".bis 
media for 2-3 weeks with changes of media and 
Hygrbmycin* B every 4-5 days until discrete colonies 
appeared. Colonies were isolated using. 6mm cloning 
5 cylinders and expanded in the same media.. As a 
control, PC-3 cells were also transfected with the 
pREP7 plasmid alone. RNA was isolated from the 
transfected cells and PSM mRNA expression was detected 
by both RNase Protection analysis (described later) and 
10 by Northern analysis. 

Western Blot Detection of PSM Expression: Crude protein 
lysates were isolated from LNCaP, PC-3, and PSM- 
transfected PC-3 cells as previously described (10A) . 

15 LNCaP cell membranes were also isolated according to 
published methods (10A) . Protein concentrations were 
quantitated by the Bradford method using the BioRad 
protein reagent kit (BioRad, Richmond, CA. ) . Following 
denaturation, 20/xg of protein was electrophoresed on a 

20 10% SDS-PAGE gel at 25 mA for 4 hours. 'dels- were 
electroblotted onto Immobilon P membranes (Millipore, 
Bedf ord, MA. ) overnight at 4C. Membranes were blocked 
in 0.15M NaCl/O.OlM Tris-HCl (TS) plus 5% BSA followed 
by a 1 hour incubation with 7E11-C5.3 monoclonal 

25 antibody (10/zg/ml) .V Blots were washed 4 times with 
0.15M NaCl/O.OlM Tris-HCl/0 . 05% Triton-X 100 (TS-X) and 
incubated for 1 htour with rabbit ant i -mouse IgG 
(Accurate Scientific, Westbury, N.Y.) at a 
concentration of 10/ig/ml. 

30 

Blots were then washed 4 times with TS-X and labeled 
with 125 I-Protein A (Amersham, Arlington Heights, IL.) 
at a concentration of 1 million cpm/ml. Blots were 
then washed 4 times with TS-X and dried on Whatman 3 MM 
35 paper, followed by overnight autoradiography at -70C 
using Hyperfilm MP (Amersham). 
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Orthotopic and Subcutaneous LNCaP Tumor Growth in Nud 
Mice: LNCaP cells were harvested from sub-confluent 
cultures by a one minute exposure to a solution of 
0.25% trypsin and 0.02% EDTA. Cells were resuspended 
5 in RPMI 1640 media with 5% fetal bovine serum/ washed 
and diluted in either Matrigel (Collaborative 
Biomedical Products, Bedford, MA.) or calcium arid 
magnesium-free Hank's balanced salt solution (HBSS) . 
Only single cell suspensions with greater than 90% 

10 viability by trypan blue exclusion were used for in 
vivo injection. Male athymic Swiss (nu/nu) nude mice 
4-6 weeks of age were obtained from the Memorial Sloan- 
Kettering Cancer Center Animal. Facility. For 
subcutaneous tumor cell injection one million LNCaP 

15 cells resuspended in 0.2 mis. of Matrigel were injected 
into the hindlimb of each mouse using a disposable 
syringe fitted with a 28 gauge needle. For orthotopic 
injection, mice were first anesthetized with an 
intraperitoneal injection of Pentobarbital and placed 

2 0 in the supine position. The abdomen was cleansed -with 

Betadine and the prostate was exposed through- a midline 
incision. 2.5 million LNCaP tumor cells in 0.1 \ml.. 
were injected directly into either posterior lobe using 
a 1 ml disposable syringe and a 28 gauge needle. LNCaP 
25 cells with and without Matrigel were injected. 

Abdominal closure was achieved in one layer using 
Autoclip wound clips (Clay Adams, Parsippany, N.J.) . 
Tumors were harvested in 6-8 weeks, confirmed 
histologically by faculty of the Memorial Sloan- 

3 0 Kettering Cancer Center Pathology Department, and 

frozen in liquid nitrogen for subsequent RNA isolation. 

RNA Isolation: Total cellular RNA was isolated from 
cells and tissues by standard techniques (11,12) as 
35 well as by using RNAzol B (Cinna/Biotecx, Houston, 
TX.). RNA concentrations and quality were assessed by 
UV spectroscopy on a Beckman DU 64 0 spectrophotometer 



WO 96/26272 PCIYUS96/02424 

-75- 

and by gel analysis. Human tissue total RNA samples 
were purchased from Clontech Laboratories, Inc., Palo 
Alto, CA. 

5 Ribonuclease Protection Assays: A portion of the PSM 
cDNA was subcloned into the plasmid vector pSPORT 1 
(Gibco-BRL) and the orientation of the cDNA insert 
relative to the flanking T7 and SP6 RNA polymerase 
promoters was verified by restriction analysis. 
10 Linearization of this plasmid upstream of the PSM 
insert followed by transcription with SP6 RNA 
polymerase yields a 400 nucleotide antisense RNA probe, 
of which 350 nucleotides should be protected from RNase 
digestion by PSM RNA. This probe was used in Figure 
15 20. Plasmid IN-20, containing a 1 kb partial PSM cDNA 
in the plasmid pCR II (Invitrogen) was also used for 
ribbprobe synthesis. IN-20 linearized with Xmn I 
(Gibco-BRL) yields a 298 nucleotide anti-sense RNA 
probe when transcribed using SP6 RNA polymerase , of 
20 which 260 nucleotides should be protected 'from RNase 
digestion by PSM mRNA. This probe was used in Figures 
21 and 22. Probes were synthesized using SP6 . RNA 
polymerase (Gibco-BRL) , rNTPs (Gibco-BRL) , RNAsin 
(Promega) ,; and 32 P-rCTP (NEN, Wilmington, DE.) according 
25 to published protocols (13) . Probes were purified over 
NENSORB 20 purification columns- (NEN) and approximately 
1 million cpm of purified, radiolabeled PSM probe was 
mixed with 10/x of each RNA and hybridized overnight at 
45C using buffers and reagents from the RPA II kit 
30 (Ambion, Austin, TX) . Samples were processed as per 
manufacturer's instructions and analyzed on 5% 
polyacrilamide/7M urea denaturing gels using Seq ACRYL 
reagents (ISS, Natick, MA.). Gels were pre-heated to 
55C and run for approximately 1-2 hours at 25 watts. 
3 5 Gels were then fixed for 3 0 minutes in 10% methanol /10% 
acetic acid, dried onto Whatman 3 MM paper at 80C in a 
BioRad vacuum dryer and autoradiographed overnight with 
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Hyperf ilm MP (Amersham) . Quantitation of PSM 

expression was determined by using a scanning laser 
densitometer (LKB, Piscataway, NJ.). 

5 Steroid Modulation Experiment: LNCaP cells (2 million) 
were plated onto T-75 flasks in RPMI 1640 media 
supplemented with 5% fetal calf serum and grown 24 
hours until approximately 30-40% confluent. Flasks 
were then washed several times with phophate-buf f ered 

10 saline and RPMI medium supplemented with 5% charcoal - 
extracted serum was added. Cells were then grown for 
another 24 hours, at which time dihydrotesterone , 
testosterone, estradiol, progesterone, and 

dexamethasone (Steraloids Inc., Wilton, NH.) were added 

15 at a final concentration of 2 nM. Cells were grown for 
another 24 hours and RNA was then harvested as 
previously described and PSM expression analyzed by 
ribonuclease protection analysis. 

t 

20 

Experimental Results 

Immunohistochemical Detection of PSM: Using the 7E11- 
C5.3 anti-PSM monoclonal antibody, PSM expression is 

2 5 clearly detectable in the LNCaP prostate cancer cell 

line, but not in ,the PC-3 and DU-145 cell lines 
(Figures 17A-17C) . All normal and malignant prostatic 
tissues analyzed stained positively for PSM expression. 

3 0 In-Vitro Transcription/Translation of PSM Antigen: As 

shown in Figure 18, coupled in-vitro transcription/ 
translation of the 2.65 kb full-length PSM cDNA yields 
an 84 kDa protein species in agreement with the 
expected protein product from the 750 amino acid PSM 
35 open reading frame. Following post-translational 
modification using pancreatic canine microsomes were 
obtained a 100 kDa glycosylated protein species 
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consistent with the mature, native PSM antigen. 

Detection of PSM Antigen in LNCaP Cell Membranes and 
Transfected PC-3 Cells: PC-3 cells transfected with the 
5 full length PSM cDNA in the pREP7 expression vector 
were assayed for expression of SM mRNA by Northern 
analysis. A clone with high PSM mRNA expression was 
selected for PSM antigen analysis by Western blotting 
using the 7E11-C5.3 antibody. In Figure 19, the 100 

10 JcDa PSM antigen is well expressed in LNCaP cell lysate 
and membrane fractions/ as well as in PSM- transfected 
PC-3 cells but not in native PC-3 cells. This 
detectable expression in the transfected PC-3 cells 
proves that the previously cloned 2.65 kb PSM cDNA 

15 encodes the antigen recognized by the 7E11-C5.3 anti- 
prostate monoclonal antibody. 

PSM mRNA Expression: Expression of PSM mRNA in normal 
human tissues was analyzed using ribonuclease 

20 protection assays. Tissue expression of PSM appears 
predominantly within the prostate, with very low levels 
of expression detectable in human brain and salivary 
gland (Figure 20) . No detectable PSM mRNA expression 
was evident in non-prostatic human tissues when 

25 analyzed by Northern 'analysis . On occasion it is noted 
that detectable PSM expression in normal human small 
intestine tissue, however this mRNA expression is 
variable depending upon the specific . riboprobe used. 
All samples of normal human prostate and human 

3 0 prostatic adenocarcinoma assayed have revealed clearly 
detectable PSM expression, whereas generally decreased 
or absent expression of PSM in tissues exhibiting 
benign hyperplasia (Figure 21) . In human LNCaP tumors 
grown both orthotopically and subcutaneous ly in nude 

3 5 mice abundant PSM expression with or without the use of 
matrigel, which is required for the growth of 
subcutaneously implanted LNCaP cells was detected 
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( Figure 21) . PSM mRNA expression is distinctly 
modulated by the presence of steroids in physiologic 
doses (Figure 22). DHT downregulated expression, by 8- 
10 fold after 24 hours and testosterone diminished PSM 
5 expression by 3-4 fold. Estradiol and progesterone 
also downregulated PSM expression in LNCaP cells, 
perhaps as a result of binding to the mutated androgen 
receptor known to exist in the LNCaP cell. Overall, 
PSM expression is highest in the untreated LNCaP cells 

10 grown in steroid-depleted media, a situation that 
simulates the hormone -deprived (castrate) state in- 
vivo. This experiment was repeated at steroid dosages 
ranging from 2-200 nM and at time points from 6 hours 
to 7 days with similar results; maximal downregulation 

15 of PSM mRNA was seen with DHT at 24 hours at doses of 
2-20 nM. 

Experimental Discussion 

» 

2 0 Previous research has provided two valuable - prostatic 

bio -markers, PAP and PSA, both of which have had a 
significant impact on the diagnosis, treatment, and 
management of prostate malignancies. The present work 
describing the preliminary characterization of the 

25 prostate-specific membrane antigen (PSM) reveals it to 
be a gene with many interesting features. PSM is 
almost entirely prostate-specific as are PAP and PSA, 
and as such may enable further delineation of the 
unique functions and behavior of the prostate. The 

30 predicted sequence of the PSM protein (3) and its 
presence in the LNCaP cell membrane as determined by 
Western blotting and immunohistochemistry, indicate 
that it is an integral membrane protein. Thus, PSM 
provides an attractive cell surface epitope for 

3 5 antibody-directed diagnostic imaging and cytotoxic 

targeting modalities (14). The ability to synthesize 
the PSM antigen in-vitro and to produce tumor 
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xenografts maintaining high levels of PSM expression 
provides us with a convenient and attractive model 
system to further study and characterize the regulation 
and modulation of PSM expression. Also, the high level 
5 of PSM expression in the LNCaP cells provides an 
excellent in -vitro model system. Since PSM expression 
is ho :rmonally- responsive to steroids and may be highly 
expressed in hormone -refractory disease (15). The 
detection of PSM mRNA expression in minute quantities 

10 in brain, salivary gland, and small intestine warrants 
further investigation, although these tissues were 
negative for expression of PSM antigen by 
immunohistochemistry using the 7E11-C5.3 antibody (16) . 
In all of these tissues, particularly small intestine, 

15 mRNA expression using a probe corresponding to a region 
of the PSM cDNA near the 3' end, whereas expression 
when using a 5' end PSM probe was not detected. These 
results may indicate that the PSM mRNA transcript 
undergoes alternative splicing in different tissues. 

20 

Applicants approach is based on prostate tissue 
specific promotor: enzyme or cytokine chimeras. 
Promotor specific activation of prodrugs such as non 
toxic gancyclovir which is converted to a toxic 

25 metabolite by herpe's simplex thymidine kinase or the 
prodrug 4- (bis (2chloroethyl) amino) benzoyl -1 -glutamic 
acid to the benzoic acid mustard alkylating agent by 
the pseudomonas . carboxy peptidase G2 was examined. As 
these drugs are activated by the enzyme (chimera) 

3 0 specifically in the tumor the active drug is released 
only locally in the tumor environment, destroying the 
surrounding tumor cells. Promotor specific activation 
of cytokines such as IL-12, IL-2 or GM-CSF for 
activation and specific antitumor vaccination is 

35 examined. Lastly the tissue specific promotor 

activation of cellular death genes may also prove to be 
useful in this area. 
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Gene Therapy Chimeras: The establishment of "chimeric 
DNA" for gene therapy requires the joining of different 
segments of DNA together to make a riew DN^ that has 
characteristics of both precursor DNA specif ^ involved 
5 in the linkage. In this proposal the two pieces being 
linked involve different functional aspects DNA, the 

promotor region which allows for the reading 0 f ^he DNA 
for the formation of mRNA will provide specif icity and 
the DNA sequence coding for the mRNA will pirovide for 
10 therapeutic functional DNA. 

DNA- Specified Enzyme or Cytokine mRNA: When effective, 
antitumor drugs can cause the regression of ^ e ry large 
amounts of tumor. The main requirements for- antitumor 

15 drug activity is the requirement to achieve k>oth a long 
enough time (t) and high enough concentration (c) (cxt) 
of exposure of the tumor to the toxic dxrug to assure 
sufficient cell damage for cell death to occur. The 
drug also must be "active" and the toxicity for the 

20 tumor greater than for the hosts normal cells ('22 ) . 

The availability of the drug to the tumor depends on 
tumor blood flow and the drugs diffusion ability; 
Blood flow to the tumor does not Provide for 
selectivity as blood flow to many normal tissues is 

25 often as great or greater than that to tine tumor. The 
majority of chemotherapeutic cytotoxic drrugs are often 
as toxic to normal tissue as to tumor tissue. Dividing 
cells are often more sensitive than non-ddviding normal 
cells, but in many slow growing solid tumors such as 

3 0 prostatic cancer this does not provide for antitumor 
specificity (22) . 

Previously a means to increase tumor specificity of 
antitumor drugs was to utilize tumor associated enzymes 
35 to activate nontoxic prodrugs to cytotoxic agents (19) . 

A problem with this approach was that most of the 
enzymes found in tumors were not totally specific in 
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their activity and similar substrate active enzymes or 
the same enzyme at only slightly lower amounts was 
found in other tissue and thus normal tissues were 
still at risk for damage. 

5 

To provide absolute specificity and unique activity, 
viral , bacterial and fungal enzymes which have unique 
specificity for selected prodrugs were found which were 
not present in human or other animal cells. Attempts 

10 to utilize enzymes such as herpes simplex thymidine 
kinase, bacterial cytosine deaminase and 

carboxypeptidase G-2 were linked to antibody targeting 
systems with modest success (19). Unfortunately, 
antibody targeted enzymes limit the number of enzymes 

15 available per cell. Also, most antibodies do not have 
a high tumor target to normal tissue ratio thus normal 
tissues are still exposed reducing the specificity of 
these unique enzymes. Antibodies are large molecules 
that have poor diffusion properties and the addition of 

20 the enzymes molecular weight further reduces the 
antibodies diffusion. 

Gene therapy could produce the best desired result if 
it could achieve the specific expression of a protein 
25 in the tumor and notvnormal tissue in order that a high 
• local concentration of the enzyme be available for the 
production in the tumor environment of active drug 
(21) . 

3 0 Cytokines: 

Results demonstrated that tumors such as the bladder 
and prostate were not immunogenic, that is the 
administration of irradiated tumor cells to the animal 
prior to subsequent administration of non- irradiated 
35 tumor cells did not result in a reduction of either the 
number of tumor cells to produce a tumor nor did it 
reduce the growth rate of the tumor. But if the tumor 
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was transfected with a retrovirus and secreted large 
concentrations of cytokines such as 11-2 then this 
could act as an antitumor vaccine and could also reduce 
the growth potential of an already established and 
5 growing tumor. IL-2 was the best, GM-CSF also had 
activity whereas a number of other cytokines were much 
less active. In clinical studies just using IL-2 for 
immurxostimulation, very large concentrations had to be 
given which proved to be toxic. The key to the success 

10 of tine cytokine gene modified tumor cell is that the 
cytoKine is produced at the tumor site locally and is 
not toxic and that it stimulates immune recognition of 
the tumor and allows specific and non toxic recognition 
and destruction of the tumor. The exact mechanisms of 

15 how IL-2 production by the tumor cell activates immune 
recognition is not fully understood, but one 
explanation is that it bypasses the need for cytokine 
production by helper T cells and directly stimulates 
tumor antigen activated cytotoxic CD 8 cells . 

20 Activation of antigen presenting cells may a'lso occur. 

Tissue Promotor-Specific Chimera DNA Activation • - 

Non-Prostatic Tumor Systems: 

25 It has been observed in non-prostatic tumors that the 
use of promoter specific activation can selectively 
lead to tissue specific gene expression of the 
transfected gene. In melanoma the use of the 
tyrosinase promotor which codes for the enzyme 

30 responsible for melanin expression produced over a 50 
fold greater expression of the promotor driven reporter 
gene expression in melanoma cells and not non melanoma 
cells. Similar specific activation was seen in the 
melanoma cells transfected when they ''were growing in 

3 5 mice. In that experiment no non-melanoma or melanocyte 
cell expressed the tyrosinase drive reporter gene 
product. The research group at Welcome Laboratories 
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have cloned and sequenced the promoter region of the 
gene coding for carcinoembryonic antigen (CEA) . CEA is 
expressed on colon and colon carcinoma cells but 
specifically on metastatic. A gene .chimera was 

5 generated which cytosine deaminase. Cytosine deaminase 
which, converts 5 f lurorocytosine into 5 f luorouracil 
and observed a large increase in the ability to 
selectively kill CEA promotor driven colon tumor cells 
but not normal liver cells. In vivo they observed that 

10 bystander tumor cells which were not transfected with 
the cytosine deaminase gene were also killed, and that 
there was no toxicity to the host animal as the large 
tumors were regressing following treatment. Herpes 
simplex virus, (HSV) , thymidine kinase similarly 

15 activates the prodrug gancyclovir to be toxic towards 
dividing cancer cells and HSV thymidine kinase has been 
shown to be specifically activatable by tissue specific 
pron» oters • 

20 Prostatic Tumor Systems : The therapeutic key to 
effective cancer therapy is to achieve specificity and 
spare the patient toxicity. Gene therapy may provide 
a key part to specificity in that non-essential tissues 
such as the prostate and prostatic tumors produce 
25 tissue specific proteins, such as acid phosphatase 
(PAP) , prostate specific antigen (PSA) , and a gene 
which was cloned, prostate- specif ic membrane antigen 
(PSM) ., Tissues such as the prostate contain selected 
tissue specific transcription factors which are 
30 responsible for binding to the promoter region of the 
DNA of these tissue specific mRNA. The promoter for 
PSA has been cloned. Usually patients who are being 
treated for metastatic prostatic cancer have been put 
on androgen deprivation : therapy which dramatically 
.35 reduces the expression of mRNA for PSA. -PSM on the 
other hand increases in expression with hormone 
deprivation which-means it would be even more intensely 
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expressed on patients being treated with hormone 
therapy. 
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ficnBltive .Detection of P rostatic Hematogenous 

Mirrometastasea Using PS A and PSM-Derived Primers in 
5 j-v>a polymerase Chain Reaction 

A PCR-based assay was developed enabling sensitive 
detection of hematogenous micrometastases in patients 
with prostate cancer. "Nested PCR" , was performed by 
10 amplifying mRNA sequences unique to prostate-specific 
antigen and to the prostate-specific membrane antigen, 
and have compared their respective results. 
Micrometastases were detected in 2/30 patients (6.7%) 
by PCR with PSA-derived primers, while PSM-derived 
15 primers detected tumor cells in 19/16 patients (63 . 3%) . 

All 8 negative controls were negative with both PSA and 
PSM PCR. Assays were repeated to confirm results, and 
PCR products were verified by DNA sequencing and 
Southern analysis,. Patients harboring circulating 
20 prostatic tumor cells as detected by PSM, and not by 
PSA- PCR included 4 patients previously treated with 
radical prostatectomy and with non-measurable serum PSA 
levels at the time of this assay. The significance" of 
these findings with respect to future disease 
25 recurrence and progression will be investigated. 

Improvement in the overall survival of patients with 
prostate cancer will depend upon earlier diagnosis. 
Localized disease, without evidence of extra-prostatic 

3 0 spread, is successfully treated with either radical 
prostatectomy or external beam radiation, with 
excellent long-term results (2,3). The major problem 
is that approximately two-thirds of men diagnosed with 
prostate cancer already have evidence of advanced 

35 extra-prostatic spread at the time of diagnosis, for 
which there is at. present no cure (4) . The use of 
clinical serum markers such as prostate-specific 
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antigen (PSA) and prostatic acid phosphatase (PAP) have 
enabled clinicians to detect prostatic carcinomas 
earlier and provide useful parameters to follow 
responses to therapy (51. Yet, despite the advent of 
5 sensitive serum PSA assays, radionuclide bone scans, CT 
scans and other imaging modalities, results have not 
detected the presence of micrometastatic cells prior to 
their establishment of solid metastases. Previous work 
has been done utilizing the polymerase chain reaction 

10 to amplify mRNA sequences unique to breast, leukemia, 
and other malignant cells in the circulation and enable 
early detection of micrometastases (6,7) ... Recently, a 
PCR-based approach utilizing primers derived from the 
PSA DNA sequence was published (8) . In this study 3/12 

15 patients with advanced, stage D prostate cancer had 
detectable hematogenous micrometastases . 

PSM appears to be an integral membrane glycoprotein 
which is very highly expressed in prostatic tumors and 

20 metastases and is almost entirely prostate-specific 
(10) . Many anaplastic tumors and bone metastases have 
variable and at times no detectable expression of BSA, 
whereas these lesions appear to consistently express 
high levels of PSM. Prostatic tumor cells that escape 

25 from the prostate giand and enter the circulation are 
likely to have the potential to form metastases and are 
possibly the more aggressive and possibly anaplastic 
cells, a population of cells that may not express high 
levels of PSA, but may retain high expression of PSM. 

3 0 DNA primers derived from the sequences of both PSA and 
PSM in a PCR assay were used to detect micrometastatic 
cells in the peripheral circulation. Despite the high 
level of amplification and sensitivity of conventional 
RNA PCR, "Nested" PGR approach in which a amplified 

35 target sequence was employed, and subsequently use this 
PCR product as the template for another round of PCR 
amplification with a new set of primers totally 
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contained within the sequence of the previous product. 
This approach has enabled us to increase the level of 
detection from one prostatic tumor cell per 10,000 
cells to better than one cell per ten million cells. 

5 

Materials and Methods 

Cells and Reagents: LNCaP and MCF-7 cells were obtained 
from the American Type Culture Collection (Rockville, 

10 MD . ) . . Details regarding the establishment and 
characteristics of these cell. lines have been 
previously published (11, 12) . Cells were grown in RPMI 
164 0 media supplemented with L-glut amine, nonessential 
amino acids, obtained from the \ MSKCC Media Preparation 

15 Facility/ and 5% fetal calf serum (Gibco-BRL, 
Gaithersburg, MD.) in a C0 2 incubator at 37C. All cell 
media was obtained from the MSKCC Media Preparation 
Facility. Routine chemical reagents were of the 
highest grade possible and were obtained from Sigma 

20 Chemical Company, St. Louis, MO. » 

Patient Blood Specimens: All blood specimens used in 
this study were from patients seen in the outpatient 
offices of urologists on staff at MSKCC. Two anti- 

25 coagulated (purple top) tubes per patient were obtained 
at the time of their regularly scheduled blood draws. 
Specimen procurement was conducted as per the approval 
of the MSKCC Institutional Review Board. Samples were 
promptly brought to the laboratory for immediate 

30 processing. Serum PSA and PAP determinations were 
performed by standard techniques by the MSKCC Clinical 
Chemistry Laboratory. PSA determinations were 

performed using the Tandem PSA assay (Hybritech, San 
Diego, CA. ) . The eight blood specimens used as 

3 5 negative controls were from 2 males with normal serum 
PSA values and biopsy-proven BPH, one healthy female, 
3 healthy males, one patient with bladder cancer, and 
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one patient with acute promyelocytic leukemia. 

Blood Sample Processing/RNA Extraction: 4 ml of whole 
anticoagulated venous blood was mixed with -3 ml of ice 
5 cold phosphate buffered saline and then carefully 
layered atop 8 ml of Ficoll (Pharmacia, Uppsala, 
Sweden) in a 15-ml polystyrene tube. Tubes were 
centrifuged at 200 x g for 30 min. at 4C. Using a 
sterile pasteur pipette, the buffy coat layer (approx. 

10 1 ml.) was carefully removed and rediluted up to 50 ml 
with ice cold phosphate buffered saline in a 50 ml 
polypropylene tube. This tube was then centrifuged at 
2 00 0 x g for 30 min at 4C. The supernatant was 
carefully decanted and the pellet was allowed to drip 

15 dry. One ml of RNazol B was then added to the pellet 
and total RNA was isolated as per manufacturers 
directions (Cinna/Biotecx, Houston, TX.). RNA 
concentrations and purity were determined by uv 
spectroscopy on a Beckman DU 64 0 spectrophotometer and 

20 by gel analysis. • 

Determination of PCR Sensitivity: RNA was isolated fxom 
LNCaP cells and from mixtures of LNCaP and MCF-7 cells 
at fixed, ratios (i.e. 1:100, 1:1000, etc.) using RNAzol 

25 B. Nested PCR was then performed as described below 
with both PSA and PSM primers in order to determine the 
limit of detection' for the assay. LNCaP : MCF-7 
(1:100,000) cDNA was diluted with distilled water to 
obtain concentrations of 1:1,000,000 and 1:10,000,000. 

3 0 MCF-7 cells were chosen because they have been 
previously tested and shown not to express PSM by PCR. 

Polymerase Chain Reaction: The PSA outer primers used 
span portions of exons 4 and 5 to yield a 486 bp PCR 
35 product and enable differentiation between cDNA and 
possible contaminating genomic DNA amplification. The 
upstream primer sequence beginning at nucleotide 494 in 
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PSA cDNA sequence is 5 ' -TACCCACTGCATCAGGAACA-3 ' (SEQ. 
ID. No. ) and the downstream primer at nucleotide 960 
is 5/ -CCTTGAAGCACACCATTACA-3 ' (SEQ. ID. No, ). The 
PSA inner upstream primer (beginning at nucleotide 559) 
5 5 ' - ACACAGGCCAGGTATTTCAG- 3 ' ( SEQ . ID . No . ) and the 
downstream primer (at nucleotide 894) 5'- 
GTCCAGCGTCCAGCACACAG - 3 ' ( SEQ . ID. No. ) yield a 3 5 5 bp 
PCR product. All primers were synthesized by the MSKCC 
Microchemistry. Core Facility. 5jxg of total RNA was 
10 reverse -transcribed into cDNA in a total volume of 20/xl 
using Superscript reverse transcriptase (Gibco-BRL) 
according to the manufacturers recommendations. Ifil of 
this cDNA served as the starting template for the outer 
primer PCR reaction. The 20/il PCR mix included: 0 . 5U 
15 Taq polymerase (Promega Corp., Madison, WI . ) , Promega 
reaction buffer, 1.5mM MgCl 2 , 200mM dNTPs , and 1 . OjxM of 
each primer. This mix was then transferred to a Perkin 
Elmer 9600 DNA thermal cycler and incubated for 25 
cycles. The PCR profile was as follows: 94C x 15 
20 sec, 60C x 15 sec, and 72C for 45 sec. After 25 
cycles, samples were placed on ice, and ljxl of this 
reaction mix served as the template for another rdund 
of PCR using the inner primers. The first set of tubes 
were returned to the thermal cycler for 25 additional 
25 cycles. PSM-PCR required the selection of primer pairs 
that also spanned an intron in order to be certain that 
cDNA and not genomic DNA were being amplified. 

The PSM outer primers yield a 94 6 bp product and the 
30 inner primers a 434 bp product . The PSM outer upstream 
primer used Was 5 ' - ATGGGTGTTTGGTGGTATTGACC- 3 9 (SEQ. ID. 
No. ) (beginning at nucleotide 1401) and the downstream 
primer (at • nucleotide 2348) was 5'- 

TGCTTGGAGCATAGATGACATGC - 3 ' (SEQ. ID. No. ) The PSM 
35 inner upstream primer (at nucleotide 1581) was 5'- 
ACTCCTTCAAGAGCGTGGCG- 3 ' ( SEQ . ID . No . ) and the 
downstream primer (at nucleotide 2015) was 5'- 
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AACACCATCCCTCCTCGAACC-3' (SEQ. ID. No. ) . eDNA« used 
was the same as for the PSA assay. The 501 PCR mix 
included: 1U Taq Polymerase (Promega) , 250M dlSTTPs, lOmM 
-mercaptoethanol, 2mM MgCl 2 , and 51 of a lOx buffer mix 
5 containing: 166mM NH 4 S0 4 , 670mM Tris pH 8.8, and 2 mg/ml 
of acetylated BSA. PCR was carried out in a Perkin 
Elmer 480 DNA thermal cycler with the following 
parameters: 94C x 4 minutes for 1 cycle, 94C x 30 sec, 
58C x 1 minute, and 72C x 1 minute for 25 cycles, 

10 followed by 72C x 10 minutes. Samples were then iced 
and 21 of this reaction mix was used as the template 
for another 25 cycles with a new reaction mix 
containing the inner PSM primers . . cDNA quality was 
verified by performing control reactions using primers 

15 derived from -actin yielding a 446 bp PCR product. The 
upstream primer used was 5 ' - AGGCCAACCGCGAGAAGATGA- 3 ' 
(SEQ. ID. No. ) (exon 3) and the downstream primer was 
5 ' - ATGTCACACTGGGGAAGC - 3 ' ( SEQ . ID . No . ) < exon 4 ) . 
The entire PSA mix and 101 of each PSM reaction mix 

2 0 were run on 1.5-2% agarose gels, stained with ethidium 

bromide and photographed in an Eagle Eye Video Imaging 
System (Stratagene, Torrey Pines, CA. ) . Assays v/ere 
repeated at least 3 times to verify results. 

25 Cloning and Sequencing of PCR Products: PCR products 
were cloned into the pCR II plasmid vector using the TA 
cloning system (Invitrogen) . These plasmids were 
transformed into competent E. coli cells using standard 
methods (13) and plasmid DNA was isolated using Magic 

30 Minipreps (Promega) and screened by restriction 
analysis. TA clones were then sequenced by the dideoxy 
method (14) using Sequenase (U.S. Biochemical) . 3-4g 
of each plasmid was denatured with NaOH and ethanol 
precipitated. Labeling reactions were carried out 

3 5 according to the manufacturers recommendations using 

35 S-dATP (NEN) , and the reactions were terminated as 
discussed in the same protocol . Sequencing products 
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were then analyzed on 6% polyacrilamide/7M urea gels 
run at 120 watts for 2 hours. Gels were fixed for 20 
minutes in 10% methanol/10% acetic acid, transferred to 
Whatman 3MM paper and dried down in a vacuum dryer for 
5 2 hours at 80C. Gels were then autoradiographed at 
room temperature for 18 hours. 

Southern Analysis: Ethidium- stained agarose gels of PCR 
products were soaked f or . 15 minutes in 0 . 2N HC1, 
10 followed by 30 minutes each in 0 . 5N NaOH/1 . 5M NaCl and 
0.1M Tris pH 7.5/1.5M NaCl. Gels were then 

equilibrated for 10 minutes in lpx SSC (1.5M NaCl/0.15M 
Sodium Citrate. DNA was transferred onto Nyt ran nylon 
membranes (Schleicher and Schuell) by pressure 
15 blotting in lOx SSC with a Posi-blotter (Stratagene) . 

DNA was cross-linked to the membrane using a UV 
Stratalinker (Stratagene) . Blots were pre -hybridized 
at 65C for 2 hourthes and subsequently hybridized with 
denatured 32 P- labeled, random-primed cDNA probes (either 
20 PSM or PSA) (9,15). Blots were washed twice in lx 
SSPE/0.5% SDS at 42C arid twice in O.lx SSPE/0.'5% SDS at 
50C for 20 minutes each. Membranes were air-dried "and 
autoradiographed for 30 minutes to 1 hour at -70C with 
Kodak X-Omat film. 

25 

Experimental Results " 

PCR amplification with nested primers improved the 
level of detection of prostatic cells from 

30 approximately one prostatic cell per 10,000 MCF-7 cells 
to better than one cell per million MCF-7 cells, using 
either PSA or PSM-derived primers (Figures 26 and 27) . 
This represents a substantial improvement in the 
ability to detect minimal disease. Characteristics of 

3 5 the 16 patients analyzed with respect to their clinical 
stage, treatment, serum PSA and PAP values, and results 
of the assay are shown. In total, PSA- PCR detected 
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tumor cells in 2/30 patients (6.7%), whereas PSM-PCR 
detected cells in 19/30 patients (63.3%). There were 
no patients positive for tumor cells by PSA and not by 
PSM, while PSM. provided 8 positive patients not 
5 detected by PSA. Patients 10 and 11 in table 1, both 
with very advanced hormone -refractory disease were 
detected by both PSA and PSM. Both of these patients 
have died since the time these samples were obtained. 
Patients 4, 7, and 12, all of whom were treated with 

10 radical prostatectomies for clinically localized 
disease, and all of whom have non-measurable serum PSA 
values 1-2 years postoperatively were positive for 
circulating prostatic tumor cells by PSM-PCR, but 
negative by PSA-PCR. A representative ethidium stained 

15 gel photograph for PSM-PCR is shown in Figure 28. 

Samples run in lane A represent PCR products generated 
from the outer primers and samples in lanes labeled B 
are products of inner primer pairs. The corresponding 
PSM Southern blot autoradiograph is shown in Figure 29. 

20 The sensitivity of the Southern blot analysis exceeded 
that of ethidium staining, as can be seen in several 
samples where the outer product is not visible- on 
Figure 28, but is detectable by Southern blotting as 
shown in Figure 29.^ In addition, sample 3 on Figures 

25 28 and 29 (patient ,6 in Figure 30) appears to contain 
both outer and inner bands that are smaller than the 
corresponding bands in the other patients. DNA 
sequencing has confirmed that the nucleotide sequence 
of these bands matches that of PSM, with the exception 

3 0 of a small deletion. This may represent either an 
artifact of PCR, alternative splicing of PSM mRNA in 
this patient, or a PSM mutation. All samples sequenced 
and analyzed by Southern analysis have been confirmed 
as true positives for PSA and PSM. 

35 

Experimental Details 

The ability to accurately stage patients with prostate 
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cancer at the time of diagnosis is clearly of paramount 
importance in selecting appropriate therapy and in 
predicting long-term response to treatment, and 
potential cure. Pre-surgical staging presently 

5 consists of physical examination, serum PSA and PAP 
determinations, and numerous imaging modalities 
including transrectal ultrasonography, CT scanning, 
radionuclide bone scans, and even MR I scanning. No 
present modality, however, addresses the issue of 

10 hematogenous micromet astatic disease and the potential 
negative impact on prognosis that this may produce. 
Previous work has shown that only a fractional 
percentage of circulating tumor cells will inevitably 
go on to form a solid metastasis (16) , however, the 

15 detection of and potential quantification of 
circulating tumor cell burden may prove valuable in 
more accurately staging disease. The long-term impact 
of hematogenous micrometastatic disease must be studied 
by comparing the clinical courses of patients found to 

20 have these cells in their circulation with p&tient^ of 
similar stage and treatment who test negatively. 

m 

The significantly higher level of detection of tumor 
cells with PSM as compared to PSA is not surprising to 

25 us, since more consistent expression of PSM in prostate 
carcinomas of all stages and grades as compared to 
variable expression of PSA in more poorly 
differentiated and anaplastic prostate cancers is 
noted. The detection of tumor cells in the three 

3 0 patients that had undergone radical prostatectomies 
with subsequent undetectable amounts of serum PSA was 
suprising. These patients would be considered to be 
surgical "cures" by standard criteria, yet they 
apparently continue to harbor prostatic tumor cells. 

35 It will be interesting to follow the clinical course of 
these patients as compared to others without PCR 
evidence of residual disease. 
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EXAMPLE 4: 

EXPRESSION OF THE PROSTATE SPECIFIC MEMBRANE ANTIGEN 
(PSM) DIMINISHES THE MITOGENIC STIMULATION OF 
5 AGGRESSIVE HUMAN PROSTATIC CARCINOMA CELLS BY 

TRANS FERRIN 

An association between transferrin and human prostate 
cancer has been suggested by several investigators. It 

10 has been shown that the expressed prostatic secretions 
of patients with prostate cancer are enriched with 
respect to their content of transferrin and that 
prostate cancer cells are rich in transferrin receptors 
(J. Urol- 143, 381, 1990) . Transferrin derived from 

15 bone marrow has been shown to selectively stimulate the 
growth of aggressive prostate cancer cells (PNAS 89, 
6197, 1992). DNA sequence analysis has revealed that 
a portion of the coding region, from nucleotide 1250 to 
1700 possesses a 54% homology to the human transferrin 

20 receptor. PC-3 cells do not express PSM mRNA or 
protein and exhibit increased cell growth in; response 
to transferrin, whereas, LNCaP prostate cancer c^lis 
which highly express PSM have a very weak response to 
transferrin. To determine whether PSM expression by 

2 5 prostatic cancer ceils impacts upon their mitogenic 
response to transferrin the full-length PSM cDNA was 
transf ected into the. PC-3 prostate cancer cells. 
Clones highly expressing PSM mRNA were identified by 
Northern analysis and expression of PSM protein was 
30 verified by Western analysis using the anti-PSM 
monoclonal antibody 7E11-C5 . 3 . 

2xl0 4 PC-3 or PSM- transf ected PC-3 cells per well ere 
plated in RPMI medium supplemented with 10% fetal 
35 bovine serum and at . 2.4 hrs . added 1 M9 per ml . of 
holotransferrin to the cells. Cells were counted at 1 
day to be highly mitogenic to the PC-3 cells. Cells 
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were counted at .1 day to determine plating efficiency 
and at 5 days to determine the effect of the 
transferrin. Experiments were repeated to verify the 
results . 

5 

PC-3 cells experienced an average increase of- 275% over 
controls, whereas the LNCaP cells were only stimulated 
43%. Growth kinetics revealed that the PSM-transf ected 
PC-3 cells grew 30% slower than native PC-3 cells. 
10 This data suggests that PSM expression in aggressive, 
metastatic human prostate cancer cells significantly 
abrogates their mitogenic response to transferrin. 

The use of therapeutic vaccines consisting of cytokine- 
15 secreting tumor cell preparations for the treatment of 
established prostate cancer was investigated in the 
Dunning R3 3 2 7 - Ma tLyLu rat prostatic adenocarcinoma 
model. Only IL-2 secreting, irradiated tumor cell 
preparations were capable of curing animals from 

2 0 subcutaneously established tumors, and engendered 

immunological memory that protected the animals from 
another tumor challenge. Immunotherapy was l"e>s 
effective when tumors were induced orthotopically, but 
nevertheless led to improved outcome, significantly 
25 delaying, and occasionally preventing recurrence of 
tumors after resection of the cancerous prostate. 
Induction of a potent immune response in tumor bearing 
animals against the nonimmunogenic MatLyLu tumor 
supports the view that active immunotherapy of prostate 

3 0 cancer may have therapeutic benefits. 
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EXAMPLE 5: 

CLONING AND CHARACTERIZATION OF THE PROSTATE SPECIFIC 
MEMBRANE ANTIGEN (PSM) PROMOTER. 

5 

The expression and regulation of the PSM gene is 
complex. By immunostaining, PSM antigen was found to 
be expressed brilliantly in metastasized tumor, and in 

10 organ confined tumor, less so in normal prostatic 
tissue and more heterogenous in BPH. PSM is strongly 
expressed in both anaplastic and hormone refractory 
tumors . PSM mRNA has been shown to be down regulated 
by androgen. Expression of PSM RNA is also modulated 

15 by a host of cytokines and growth factors. Knowledge of 
the regulation of PSM expression should aid in such 
diagnostic and therapeutic strategies as 
imunoscintigraphic imaging of prostate cancer and 
protate- specific promoter-driven gene therap^y. 

20 ' 

Sequencing of a 3 kb genomic DNA clone that contained 
2.5 kb upstream of the transcription start site 
revealed that two stretches of about 3 00 b.p. (-260, to 
-600; and -1325 to. -1625) have substantial homology 

25 (79-87%) to known genes. The promoter lacks a GC rich 
region, nor does it have a consensus TATA box. 
However, it contains a TA-rich region from position -35 
to -65. 

30 Several consensus recognition sites for general 
transcription factors such as API, AP2 , NFkB, GRE and 
E2-RE were identified. Chimeric constructs containing 
fragments of the upstream region of the PSM gene fused 
•to a promoterless chloramphenicol acetyl transferase 

35 gene were transfected into, and transiently expressed 
in LNCaP, PC-3, and SW620 (a colonic cell line) . With 
an additional SV40 enhancer, sequence from -565 to +76 
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exhibited promoter activity in LNCaP but not in'PC-3 
nor in SW62 0. 

Materials and Methods 

5 

Cell Lines, LNCaP and PC-3 prostatic carcinoma cell 

lines (American Type Culture Collection) were cultured 
in RPMI and MEM respectively, supplemented with 5% 
fetal calf serum at 37 *C and 5% C0 2 . SW620, a colonic 
10 cell line, is a gift from Melisa. 

Polymerase Chain Reaction./ The reaction was performed 

in a 50 fxl volume with a final concentration of the 

following reagents: 16.6 mM NH 4 SO A , 67 mM Tris-HCl pH 

15 8.8, acetylated BSA 0.2 mg/ml, 2mM MgCl 2 , 250/xM dNTPs, 

10 mM 6-mercaptoethanol, and 1 U of rth ill Taq 

polymerase (Boehringer Mannhiem, CA) . A total of 2 5 

cycles were completed with. the following profile: cycle 

1, 94*C 4 min.; cycle 2 through 25, 94*C 1 min, 60*C 1 

> 

20 min, 72 "C 1 min. The final reaction was extended for 
10 min at 72 *C. Aliquots of the reaction were 
electrophoresed on 1 % agarose gels in IX Tris-acetate- 
EDTA buffer. 

v 

25 

Cloning of FSN promoter. A bacteriophage PI library of 
human fibroblast genomic DNA (Genomic Sysytems, Inc., 
St. Louis, MI), was screened using a PCR method of 
Pierce et al . Primers located at the 5' end of PSM 

30 cDNA were used : 5 ' - CTCAAAAGGGGCCGGATTTCC - 3 ' and 
5 ' CTCTCAATCTCACTAATGCCTC-3 ' . A positive clone, p683, 
was digested with Xhol restriction enzyme. Southern 
analysis of the restricted fragments using a DNA probe 
from the extreme 5' to the Ava-1 site of PSM cDNA 

35 confirmed that a 3Kb fragment contains the 5' 
regulatory sequence of the PSM gene. The 3 kb Xhol 
fragment was subcloned into pKSBluescrpt vectors and 
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seguenced using the dideoxy method. 

Functional Assay of PSM Promoter. Chloramphenicol 
Acetyl Transferase, (GAT) gene plasmids were 
5 constructed from the Smal-Hindlll fragments or 
subfragements (using either restriction enzyme 
subfragments or PCR) by insertion into promoterless 
pCAT basic or pCAT-enhancer vectors (Promega) . pCAT- 
constructs were cotransf ected with pSVSgal plasmid (5 

10 M g of each plasmid) into cell lines in duplicates, 
using a calcium phosphate method (Gibco-BRL, 
Gaithersburg, MD) . The transf ected cells were 

harvested 72 hours later and assayed (15/xg of lysate) 
for CAT activity using the LSC method and for Sgal 

15 activity (Promega) . CAT activities were standardized 
by comparision to that of the Sgal activities. 

Results 

2 0 Sequence of the 5' end of the PSM gene, » 

The DNA sequence of the 3 kb Xhol fragment of p683 
which includes 500 bp of DNA from the RNA start site 
was determined (Figures 31A-31D) Sequence 683XFRVS 
starts from the 5' distal end of PSM promoter, it 

25 overlaps with the published PSM putative promoter at nt 
2485, i.e. the putative transcription start site is at 
nt 2485; sequence 683XF107 is the reverse, complement 
of 683XFRVS) . The sequence from the Xhol fragment 
displayed a remarkable arrays of elements and motifs 

30 which are characteristic of eukaryotic promoters and 
regulatory regions found in other genes (Figure 32) . 

Functional Analysis of upstream PSM genomic elements 
for promoter activity • 
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Various pCAT-PSM promoter constructs were tested for 
promoter activities in two prostatic cell lines: 



/ 
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LNCaP, PC-3 and a colonic SW620 (Figure 33) . Induction 
of CAT activity was neither observed in pl070-CAT which 
contained a 1070 bp PSM 5' promoter fragment, nor in 
P676-CAT which contained a 641 bp PSM 5' promoter 
5 fragment. However, with an additional SV-40' enhancer, 
sequence from -565 to +76 (p676-CATE) exhibited 
promoter activity in LNCaP but not in PC- 3 nor in 
SW620. 

10 Therefore, a LNCaP specific promoter fragment from -565 
to +76 has been isolated which can be used in PSM 
promoter- driven gene therapy. 

EXAMPLE 62 

15 

ALTERNATIVELY SPLICED VARIANTS OF PROSTATE SPECIFIC 
MEMBRANE ANTIGEN RNA: RATIO OF EXPRESSION AS A 
POTENTIAL MEASUREMENT OF PROGRESSION 

20 MATERIALS AND METHODS 

Cell Lines. LNCaP and PC-3 prostatic carcinoma c^ll 

lines were cultured in RPMI and MEM respectively, 
supplemented with 5% fetal calf serum at 37 # C and 5% 
25 C0 2 . • * 

Primary tissues. 'Primary prostatic tissues were 
obtained from MSKCC's in-house tumor procurement 
service. Gross specimen were pathologically staged by 
3 0 MSKCC's pathology service. 

RNA Isolation. Total RNA was isolated by a 

modified guanidinium thiocynate/phenol /chloroform 
method using a RNAzol B kit (Tel -Test, Friendswood, 
35 TX) . RNA was stored in diethyl pyrocarbonate-treated 
water at -80 # C. RNA was quantified using 

spectrophometric absorption at 260nm. 
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cDNA synthesis. Two different batches of normal 

prostate mRNAs obtained from trauma-dead males 
(Clontech, Palo Alto, CA) were denatured at 70 'C for 10 
min., then reverse transcribed into cDNA using random 
5 hexamers and Superscript II reverse transcriptase 
(GIBCO-BRL, Gaithersburg, MD ) at 50'C for 30 min. 
followed by a 94 'C incubation for 5 min. 

Polymerase Chain Reaction. Ol igonuc leot ide 
10 primers ( 5 ' - CTCAAAAGGGGCCGGATTTCC - 3 ' an d 5 ' - 

AGGCTACTTCACTCAAAG- 3 ' ) , specific for the 5' and 3' ends 
of PSM cDNA were designed to span the cDNA sequence . 
The reaction was performed in a 50 fil volume with a 
final concentration of the following reagents: 16.6 mM 
15 NH 4 S0 4 , 67 mM Tris-HCl pH 8 . 8 , acetylated BSA 0.2 mg/ml, 
2mM MgCl 2 , 250/tM dNTPs, 10 mM S-mercaptoethanol , and 1 
U of rTth polymerase (Perkin Elmer, Norwalk, CT) . A 
total of 25 cycles were completed with the following 
profile: cycle 1, 94 'C 4 min. ; cycle 2 through 25, 94 *C 
20 1 min, 60 "C 1 min, 72 *C 1 min. The final reaction, was 
extended for 10 min at 72 *C. Aliguots of the. reaction 
were electrophoresed on 1 % agarose gels in IX Trds- 
acetate-EDTA buffer. 

25 Cloning of PCR produbts. PCR products were cloned by 
the TA cloning method into pCRII vector using a kit 
from Invitrogen (San Diego, CA) . Ligation mixture were 
transformed into competent Escherichia coli Inv5a. 

30 Sequencing. Sequencing was done by the dideoxy 

method using a sequenase kit from US Biochemical 
(Cleveland, OH). Sequencing products were 
electrophoresed on a 5% polyacrylamide/7M urea gel at 
52*C. 
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RNase Protection Assays. Full ' length PSM cDNA clone 
was digested with NgoM 1 and Nhel. A 350 b.p. fragment 
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was isolated and subcloned into pSPORTl vector (GIBCO- 
BRL, Gaithersburg, MD) . The resultant plasmid, pSP350, 
was linearized, and the insert was transcribed by SP6 
RNA polymerase to yield antisense probe of 3 95 
5 nucleotide long, of which 355 nucleotides and/or 210 
nucleotides should be protected from RNAse digestion by 
PSM or PSM' RNA respectively (Fig. 2) . Total celluar 
RNA (20 fig) from different tissues were hybridized to 
the aforementioned antisense RNA probe. Assays were 
10 performed as described (7) . tRNA was used as negative 
control. RPAs for LNCaP and PC-3 were repeated. 

RESULTS 

RT-PCR of znRNA from normal prostatic tissue. Two 

15 independent RT-PCR of mRNA from normal prostates were 
performed as described in Materials and Methods. 
Subsequent cloning and sequencing of the PCR products 
revealed the presence of an alternatively spliced 
variant, PSM' . PSM' has a shorter cDNA (2387 

20 nucleotides) than PSM (2653 nucleotides) . The results 
of the sequence analysis are shown in Figure'34. The 
cDNAs are identical except for a 266 nucleotide region 
near the 5' end of PSM cDNA (nucleotide 114 to 380) 
that is absent in PSM' cDNA. Two independent 

25 repetitions of RT-PCl£ of different mRNA samples yielded 
identical results. 

RNase Protection Assays. An RNA probe complementary to 
PSM RNA and spanning the 3' splice junction of PSM' RNA 

30 was used to measure relative expression of PSM and PSM' 
mRNAs (Figure 35) . With this probe, both PSM and PSM' 
RNAs in LNCaP cells was detected and the predominant 
form was PSM. Neither PSM nor PSM' RNA was detected in 
PC-3 cells, in agreement with previous Northern and 

35 Western blot data (5,6). Figure 36 showed the 
presence of both splice variants in human primary 
prostatic tissues. In primary prostatic tumor, PSM is 
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the dominant form. In contrast, normal prostate 
expressed more PSM' than PSM. BPH samples showed about 
equal expression of both variants. 

Tumor Index. The relative expression of PSM and PSM' 
(Figure 36) was quantified by densitometry and 
expressed as a tumor index (Figure 37) . LNCaP has an 
index ranging from 9-11; CaP from 3-6; BPH from 0.75 
to 1.6; normal prostate has values from 0.075 to 0.45. 



DISCUSSION 

Sequencing data of PCR products derived from human 
normal prostatic mRNA with 5' and 3' end PSM 
oligonucleotide primers revealed ' a second splice 
15 variant, PSM', in addition to the previously described 
PSM cDNA. 

PSM is a 750 a. a. protein with a calculated molecular 
weight of 84,330. PSM was hypothesized to be a type II 

20 integral membrane protein (5). A classic* type II 
membrane protein is the transferrin receptor and indeed 
PSM has a region that has modest homology with the 
transferrin receptor (5) . Analysis of the PSM amino 
acid sequence by either the methods of Rao and Argos 

25 (7) or Eisenburg etv al . (8) strongly predicted one 

transmembrane helix in the region from a. a. #20 to #43. 
Both programs found other regions that could be 
membrane associated but were not considered likely 
candidates for being transmembrane regions . 

30 

PSM' antigen, on the other hand, is a 693 a. a. protein 
as deduced from its mRNA sequence with a molecular 
weight of 78,000. PSM' antigen lacks, the first 57 
amino acids present in PSM antigen (Figure 34) . It is 
35 likely that PSM' antigen is cytosolic. 



The function of PSM and PSM' are probably different. 
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The cellular location of PSM antigen suggests that it 
may interact with either extra- or intra- cellular 
ligand(s) or both; while that of PSM' implies that PSM' 
can only react with cytosolic ligand (s) . Furthermore, 
5 PSM antigen has 3 potential phosphorylation sites on 
its cytosolic domain. These sites are absent in PSM' 
antigen. On the other hand, PSM' antigen has 25 
potential phosphorylation sites, 10 N-myristoylation 
sites and 9 N-glycosylation sites. For PSM antigen, 

10 all of these potential sites would be on the 
extracellular surface. The modifications of these 
sites for these homologous proteins would be different 
depending on their cellular locations. Consequently, 
the function (s) of each form would depend on how they 

15 are modified. 

The relative differences in expression of PSM and PSM' 
by RNase protection assays was analyzed. Results of 
expression of PSM and PSM' in primary prostatic tissues 

2 0 strongly suggested a relationship between the relative 

expression of these variants and the status of the 
cell: either normal or cancerous. While it is noted 
here that the sample size of the study is small 
(Figures 36 and 37), the consistency of the trend is 
25 evident. The samples used were gross specimens from 
patients. The results may have been even more dramatic 
if specimens that were pure in content of CaP, BPH or 
normal had been used. Nevertheless, in these 

specimens, it is clear that there is a relative 

3 0 increase of PSM over PSM' mRNA in the change from 

normal to CaP. The Tumor Index (Figure 37) could be 
useful in measuring the pathologic state of a given 
sample. It is also possible that the change in 
expression of PSM over PSM' may be a reason for tumor 
3 5 progression, A more differentiated tumor state may be 
restored by PSM' either by transfection or by the use 
of differentiation agents. 
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EXAMPLE 7; 

ENHANCED DETECTION OP PPncr ync h^ato^ enotts Mrr.n 
METASTASES WITH PSM PRTMTCPfi i , S CQMPAPgn T O PSA PPT1 ^ pe 

USING A SENSITIVE NESTED FK VERSE TPAMC C RIPTAfiTg . pni> 
ASSAY. ' 

77 randomly selected samples were analyzed from 
patients with prostate cancer and reveals that PSM and 
PSA primers detected circulating prostate cells in 48 
(62.3%) and 7 (9.1%) patients, respectively. m 
treated stage D disease patients, PSM primers detected 
cells in 16 of 24 (66.7%), while PSA primers detected 
15 cells in 6 of 24 patients (25%). In hormone-refractory 
prostate cancer (stage D3) , 6 of 7 patients were 
positive with both PSA and PSM primers. All six of 
these patients died within 2-6 months of their assay, 
despite aggressive cytotoxic chemotherapy, in contrast 
to the single patient that tested negatively in this 
group and is alive 15 months after -his assay, 
suggesting that PSA-PCR positivity may serve as a 
predictor of early mortality. m post -radical 

prostatectomy patients with negative serum PSA values, 
PSM primers detected, metastases in 21 of 31 patients 
(67.7%), while PSA primers detected cells in only l of 
33 (3.0%), indicating that micrometastatic spread may 
be a relatively early event in prostate cancer. The 
analysis of 40 individuals without known prostate 
cancer provides evidence that this assay is highly 
specific and suggests that PSM expression may predict 
the development of cancer in patients without 
clinically apparent prostate cancer. Using PSM 
primers, micrometastases were detected in 4 of 4 0 
controls, two of whom had known BPH by prostate biopsy 
and were later found to have previously undetected 
prostate cancer following repeat prostate biopsy 
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performed for a rising serum PSA value. These results 
show the clinical significance of detection of 
hematogenous micrometastatic prostate cells using PSM 
primers and potential applications of this molecular 
5 assay. 

EXAMPLE 8; 

MODULATION OF PROSTATE SPECIFIC MEMBRANE ANTIGEN (PSM) 
10 EXPRESSION IN VITRO BY CYTOKINES AND GROWTH FACTORS. 

The effectiveness of CYT-3 56 imaging is enhanced by 
manipulating expression of PSM. PSM mRNA expression is 
downregulated by steroids. This is consistent with the 
15 clinical observations that PSM is strongly expressed in 
both anaplastic and hormone refractory lesions. In 
contrast, PSA expression is decreased following hormone 
withdrawal. In hormone refractory disease, it is 
believed that tumor cells may produce both growth 

2 0 factors and receptors, thus establishing an autocrine 

loop that permits the cells to overcome normal growth 
constraints. Many prostate tumor epithelial ceTls 
express both TGFof and its receptor, epidermal growth 
factor receptor. Results indicate that the effects of 
25 TGFa and other selected growth factors and cytokines on 
the expression of PSM, in- vitro, in the human prostatic 
carcinoma cell line LNCaP. 

2xl0 6 LNCaP cells growing in androgen-depleted media 

3 0 were treated for 24 to 72 hours with EGF, TGFof, TNFS or 

TNFa in concentrations ranging from 0.1 ng/ml to 100 
ng/ml. Total RNA was extracted from the cells and PSM 
mRNA expression was quant itated by Northern blot 
analysis and laser densitometry . Both b-FGF and TGFc* 
35 yielded a dose -dependent 10-fold upregulation of PSM 
expression, and EGF a 5- fold upregulation, compared to 
untreated LNCaP. In contrast, other groups have shown 
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a marked downregulation in PSA expression induced by 
these growth factors in this same in-vitro model. TNFa 
which is cytotoxic to LNCaP cells, and TNFS 
downregulated PSM expression 8 -fold in androgen 
5 depleted LNCaP cells. 

TGFor is. mitogenic for aggressive prostate cancer cells 
There are multiple forms of PSM and only the membrane 
form is found in association with tumor progression 
The ability to manipulate PSM expression by treatment 
with cytokines and growth factors may enhance the 
efficacy of Cytogen 356 imaging, and therapeutic 
targeting of prostatic metastases. 

15 EXAMPLE 9 «■ 

NEOADJUVANT ANDROGEN- DEPRTVATTOTJ T H ERAPY (APT) PRTOP to 
RADICAL PROSTATECTOMY RESULTS TM i siffln.Tr^T.v 
DECREASED I NCIDENC E O F RESTDPAT. MICROMETAfiTA TIC DTfiiracir 
20 AS DETECTED BY NEST RD RT-PCT WITH PRTMRPfi ' 

Radical prostatectomy for clinically localized prostate 
cancer is considered by many the "gold standard- 
treatment. Advances over the past decade have served 
25 to decrease morbidity dramatically. Improvements 
intended to assist clinicians in better staging 
patients preoperatively have been developed, however 
the incidence of extra-prostatic spread still exceeds 
50%, as reported in numerous studies. A phase III 
30 prospective randomized clinical study designed to 
compare the effects of ADT for 3 months in patients 
undergoing radical prostatectomy with similarly matched 
controls receiving surgery alone was conducted. The 
previously completed phase II study revealed a 10% 
3 5 margin positive rate in the ADT group (N=69) as 
compared to a 33% positive rate (N=72) in the surgery 
alone group. 
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Patients who have completed the phase III study were 
analyzed to determine if there are any differences 
between the two groups with respect to residual 
micrometastatic disease. A positive PCR xesult in a 
5 post -prostatectomy patient identifies viable metastatic 
cells in the circulation. 

Nested RT-PCR was performed with PSM primers on 12 
patients from the ADT group and on 10 patients from the 

10 control group. Micrometastatic cells were detected in 
9/10 patients (90%) in the control group, as compared 
to only 2/12 (16.7%) in the ADT group. in the ADT 
group, 1 of 7 patients with organ- confined disease 
tested positively, as compared to 3 of 3 patients in 

15 the control group. In patients with extra-prostatic 
disease, 1 of 5 were positive in the ADT group, as 
compared to 6 of 7 in the control group. These results 
indicate that a significantly higher number of patients 
may be rendered tumor-free, and potentially "cured" by 

2 0 the use of neoadjuvant ADT. 

EXAMPLE 10; 

SENSITIVE NESTED RT-PCR DETECTION OF CIRCULATION 
25 PROSTATIC TUMOR CELLS - C OMPARISON OF PSM AND PSA-BASED 

ASSAYS 

Despite the improved and expanded arsenal of modalities 
available to clinician today, including sensitive serum 

3 0 PSA assays, CT scan, transrectal ultrasonography, 

endorectal co.I MRI , etc., many patients are still 
found to have metastatic disease at the time of pelvic 
lymph node dissection and radical prostatectomy. A 
highly sensitive reverse transcription PCR assay 
3 5 capable of detecting occult hematogenous 
micrometastatic prostatic cells that would otherwise go 
undetected by presently available staging modalities 
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was developed. This assay is a modification of similar 
PGR assays performed in patients with prostate cancer 
and other malignancies^.*. 5 . The assay employs PGR 
primers derived from the cDNA sequences .of prostate- 
specific antigen* and the prostate-specific membrane 
antigen recently cloned and sequenced.. 

Materia ls anri Methotig 

Cells and Reagents. LNCaP and MCF-7 cells were 
obtained from the American Type Culture Collection 
(Rockville, MD.). Details regarding the establishment 
and characteristics of these cell lines have been 
previously published"-'. Cells grown in RPMI 1640 
medium and supplemented with L-glutamine, nonessential 
amino acids, and 5% fetal calf serum (Gibco-BRL 
Gaithersburg, MD.) m a 5% C0 2 incubator at 37'C. All 
cell media was obtained from the MSKCC Media 
Preparation Facility. Routine chemical reagents were 
of the highest grade possible and were obtained from 
Sigma Chemical Company (St. Louis, MO). 

Patient Blood Specimens. All blood specimens used* in 
this study were from patients seen in the outpatient 
offices of urologists on staff at MSKCC. Two. anti- 
coagulated tubes per patient were obtained at the time 
of their regularly scheduled blood draws. Specimens 
were obtained with informed consent of each patient 
as per a protocol approved by the MSKCC Institutional 
Review Board. Samples were promptly brought to the 
laboratory for immediate processing. Seventy-seven 
specimens from patients with prostate cancer were 
randomly selected and delivered to the laboratory 
"blinded" along with samples from negative controls for 
processing. These included 24 patients with stage D 
disease (3 with D 0 , 3 with D 1 , 11 with d , and 7 with 
D 3 ) , 31 patients who had previously undergone radical 
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prostatectomy and had undetectable postoperative serum 
PSA levels (18 with pT2 lesions, 11 with pT3 , and 2 
pT4) , 2 patients with locally recurrent disease 
following radical prostatectomy, 4 patients who had 
5 received either external beam radiation therapy or 
interstitial l 125 implants, 10 patients with untreated 
clinical stage T1-T2 disease, and 6 patients with 
clinical stage T3 disease on ant i- androgen therapy. 
The forty blood specimens used as negative controls 

10 were from 10 health males, 9 males with biopsy-proven 
BPH and elevated serum PSA levels, 7 healthy females, 
4 male patients with renal cell carcinoma, 2 patients 
with prostatic intraepithelial neoplasia (PIN), 2 
patients with transitional cell carcinoma of the 

15 bladder and a pathologically normal prostate, 1 patient 
with acute prostatitis, 1 patient with acute 
promyelocytic leukemia, 1 patient with testicular 
cancer, 1 female patient with renal cell carcinoma, 1 
patient with lung cancer, and 1 patient with ^a cyst of 

20 the testicle. 

Blood Sample Processing/RNA Extraction. 4 ml of whole 
anticoagulated venous blood was mixed with 3 ml of ice 
cold PBS and then carefully layered atop 8 ml of Ficoll 

25 (Pharmacia, Uppsala/ Sweden) in a 14-ml polystyrene 
tube. Tubes were centrifuged at 200 x g for 30 min. at 
4°C. The buffy coat layer (approx. 1 ml.) was 
carefully removed and redi luted to 50 ml with ice cold 
PBS in a 50 ml polypropylene tube . This tube was then 

30 centrifuged at 2000 x g for 30 min. at 4°C. The 
supernatant was carefully decanted and the pellet was 
allowed to drip dry. One ml of RNazol B was then added 
to the pellet and total RNA was isolated as per 
manufacturers directions (Cinna/Biotecx, Houston, TX.) 

3 5 RNA concentrations and purity were determined by UV 
spectroscopy on a Beckman DU 64 0 spectrophotometer and 
by gel analysis. 
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Determination of PCR Sensitivity. RNA was isolated 
from LNCaP cells and from mixtures of LNCaP and MCF-7 
cells. at fixed ratios (i.e. 1:100, 1:1,000, etc.) using 
5 RNAzol B. Nested PCR was then performed as described 
below with both PSA and PSM primers in order to 
determine the limit of detection for the assay. 
LNCaP:MCF-7 (1:100,000) cDNA was diluted with distilled 
water to obtain concentrations of 1:1,000,000. The 
10 human breast cancer cell line MCF-7 was chosen because 
they had previously been tested by us and shown not to 
express either PSM nor PSA by both immunohistochemistry 
and conventional and nested PCR. 

15 Polymerase Chain Reaction. The PSA outer primer 
sequences are nucleotides 494-513 (sense) in exon 4 and 
nucleotides 960-979 (anti-sense) in exon 5 of the PSA 
cDNA. These primers yield a 486 bp PCR product from 
PSA CDNA that can be distinguished from a product 
synthesized from possible contaminating genomic DNA . 
PSA-494 5'-TAC CCA CTG CAT GAG GAA CA-3' 
PSA-960 5'-CCT TGA AGC ACA CCA TTA CA-3' 
The PSA inner upstream primer begins at nucleotide 559 
and the downstream primer at nucleotide 8 94 to yield a 
25 355 bp PCR product. v 

PSA- 559 5' -ACA GAG GCC AGG TAT TTC AG- 3 * 
PSA- 894 5'-GTC GAG CGT CCA GCA CAC AG-3' 
All primers were synthesized by the MSKCC 
Microchemistry Core Facility. 5/ig of total RNA was 
30 reverse -transcribed into cDNA using random hexamer 
primers (Gibco-BRL) and Superscript II reverse 
transcriptase (Gibco-BRL) according to the 
manufacturers recommendations. 1^1 of this CDNA served 
as the starting template for the outer primer PCR 
3 5 reaction. The 20/U PCR mix included: 0 . 5U Taq 
polymerase (Promega) Promega reaction buffer, 1 . 5mM 
MgCl 2 , 200|xM dNTPs, and 1 . 0/xM of each primer. This mix 
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was then transferred to a Perkin Elmer 96 00 DNA thermal 
cycler and incubated for 25 cycles. The PCR profile 
was as follows: 94*C x 15 sec, 60°C x 15 sec, and 
72°C for 45 sec. After 25 cycles, samples were placed 
5 on ice, and Ifxl of this reaction mix served as the 
template for another 25 cycles using the inner primers. 
The first set of tubes were returned to the thermal 
cycler for 25 additional cycles. The PSM outer 
upstream primer sequences are nucleotides 1368-1390 and 
10 the downstream primers are nucleotides 1995-2015, 
yielding a 67 bp PCR product . 

PSM-1368 5'-CAG ATA TGT CAT TCT GGG AGG TC-3' 
PSM-2015 5'-AAC ACC ATC CCT CCT CGA ACC-3' 

15 The PSM inner upstream primer span nucleotides 1689- 
1713 and the downstream primer span nucleotides 1899- 
1923, yielding a 234 bp PCR product. 
PSM-1689 5' -CCT AAC AAA AGA GCT GAA AAG CCC-3' 
PSM-1923 5' -ACT GTG ATA CAG TGG ATA GCC GCT-3' 

20 2/xl of cDNA was used as the starting DNA— template in 
the PCR assay. The 50jxl PCR mix included: 1U Taq 
polymerase (Boehringer Mannheim) , 250/xM cNTPs, lOmM- 
mercaptoethanol , 2mM MgCl 2 , and 5/xl of a lOx buffer mix 
containing: 166mM NH 4 S0 4 , 670mM Tris pH 8.8, and 2mg/ml 

25 of acetylated BSA. ' PCR was carried out in a Perkin 
Elmer 480 DNA thermal cycler with the following 
parameters: 94°C x 4 minutes for 1 cycle, 94°C x 3 0 
sec, 58°C x 1 minute, and 72°C x 1 minute for 25 
cycles, followed by 72°C x 10 minutes. Samples were 

30 then iced and 2.5/xl of this reaction mix was used as 
the template for another 25 cycles with a new reaction 
mix containing the inner PSM primers. cDNA quality was 
verified by performing control reactions using primers 
derived from the £-2 -microglobulin gene sequence 10 a 

3 5 ubiquitous housekeeping gene. These primers span exons 
2-4 and generate a 620 bp PCR product. The sequences 
for these primers are : 
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S-2 (exon 2) 5'-AGC AGA GAA TGG AAA GTC AAA- 3' 
S-2 (exon 4) 5'-TGT TGA TGT TGG ATA AGA GAA- 3' 

The entire PSA mix and 7-iO M l of each PSM reaction mix 
were run on 1.5-2% agarose gels, stained with ethidium 
5 bromide and photographed in an Eage Eye Video Imaging 
System (Statagene, Torrey Pines, CA, ) . Assays were 
repeated at least twice to verify results. 
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Cloning and Sequencing of PCR Products. PCR products 
were cloned into the pCR II plasmid vector using the TA 
cloning system (Invitrogen) . These plasmids were 
transformed into competent E. coli cells using standard 
methods 11 and plasmid DNA was isolated using Magic 
Minipreps (Promega) and . screened by restriction 
15 analysis. Double - stranded TA clones were then 

sequenced by the dideoxy method 12 using 3s S-cCTP (NEN) 
and Sequenase (U.S. Biochemical) . Sequencing products 
were then analyzed on 6% polyacrilamide/7M urea gels, 
which were fixed, dried, and autoradiographed as 
20 described. • 

Southern Analysis. PCR products were transferred from 
ethidium- stained agarose gels to Nytran nylon membranes 
(Schletcher and Schuell) by pressure blotting with a 
25 Posi-blotter (Stratagene) according to the 
manufacturer's instructions. DNA was cross-linked to 
the membrane using a UV Stratalinker (Stratagene). 
Blots were pre -hybrid! zed at 65'C for 2 hours and 
subsequently hybridized with denatured 32 P-labeled, 
random-primed 13 cDNA probes (either PSA or F&M) . 
Blots were washed twice in lx SSC/0.5% SDS at 42*C and 
twice in O.lx SSC/0.1% SDS at 50°C for 20 minutes each. 
Membranes were air-dried and autoradiographed for 1-3 
hours at room temperature with Hyperf ilm MP (Amersham) . 
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Results 

PSA and PSM Nested PCR Assays: The application of 
nested PCR increased the level of detection from an 
5 average of 1:10,000 using outer primers alone/ to 
better than 1:1,000,000. Dilution curves demonstrating 
this added sensitivity are shown for PSA and PSM-PCR in 
Figures 1 and 2 respectively. Figure 1 shows that the 
486 bp product of the PSA outer primer set is clearly 
10 detectable with ethidium staining to 1:10,000 
dilutions, whereas the PSA inner primer 355 bp product 
is clearly detectable in all dilutions shown. In 
Figure 2 the PSM outer primer 647 bp product is also 
clearly detectable in dilutions to only 1:10,000 with 
15 conventional PCR, in contrast to the PSM inner nested 
PCR 234 bp product which is detected in dilutions as 
low as 1:1,000,000. Southern blotting was performed on 
all controls and most of the patient samples in order 
to confirm specificity. Southern biotas of the 
20 respective dilution curves confirmed the primer 
specificities but did not reveal any significantly 
increased sensitivity. 

PCR in Negative Controls: Nested PSA and PSM PCR was 
25 performed on 40 samples from patients and volunteers as 
described in the methods and materials section. Figure 
4 8 reveals results from 4 representative negative 
control specimens, in addition to a positive control. 
Each specimen in the study was also assayed with the S- 
3 0 2 -microglobulin control, as shown in the figure, in 
order to verify RNA integrity. Negative results were 
obtained on 39 of these samples using the PSA primers, 
however PSM nested PCR yielded 4 positive results. Two 
of these "false positives" represented patients with 
35 elevated serum PSA values and an enlarged prostate who 
underwent a transrectal prostate biopsy revealing 
stromal and f ibromuscular hyperplasia. In both of 
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these patients the serum PSA level continued to rise 
and a repeat prostate biopsy performed at a later date 
revealed prostate cancer. One patient who presented to 
the clinic with a testicular cyst was noted to have a 
5 positive PSM nested PCR result which has been unable to 
explain. Unfortunately, this patient never returned 
for follow up, and thus have not been able to obtain 
another blood sample to repeat this assay. Positive 
result Were obtained with both PSA and PSM primers in 

10 a 61 year old male patient with renal cell carcinoma. 
This patient has a normal serum PSA level and a normal 
digital rectal examination. Overall, if the two 
patients were excluded in whom a positive PCR, but no 
other clinical test, accurately predicted the presence 

15 of prostate cancer, 36/38 (94.7%) of the negative 
controls were negative with PSM primers, and 3 9/4 0 
(97.5%) were negative using PSA primers. 



20 



25 



Patient Samples: In a "blinded" fashion, in which the 
laboratory staff were unaware of the nature of each 
specimen, 117 samples from 77 patients mixed randomly 
with 40 negative controls were assayed. The patient 
samples represented a diverse and heterogeneous group 
as described earlier. Several representative patient 
samples are displayed in Figure 49, corresponding to 
positive results from patients with both localized and 
disseminated disease. Patients 4 and 5, both with 
stage D prostate cancer exhibit positive results with 
both the outer and inner primer pairs, indicating a 
large circulating tumor cell burden, as compared to the 
other samples. Although the PSM and PSA primers 
yielded similar sensitivities in LNCaP dilution curves 
as previously shown, PSM primers detected 
micrbmetastases in 62.3% of the patient samples, 
35 whereas PSA primers only detected 9.1%. m patients 
with documented metastatic prostate cancer (stages D„ - 
D 3 ) receiving anti-androgen treatment, PSM primers 
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detected micrometastases in 16/24 (66.7%), whereas PSA 
primers detected circulating cells in only 6/24 (25%) . 
In the study 6/7 patients with hormone- refractory 
prostate cancer (stage D 3 ) were positive. In the 
5 study, PSA primers revealed micrometastatic cells in 
only 1/15 (6.7%) patients with either pT3 or pT4 
(locally-advanced) prostate cancer following radical 
prostatectomy. PSM primers detected circulating cells 
in 9/15 (60%) of these patients. Interestingly, 
10 circulating cells 13/18 (72.2%) patients with pT2 
(organ-confined) prostate cancer following radical 
prostatectomy using PSM primers was detected. None of 
these patient samples were posit ivie by PSA-PCR. 

15 Improved and more; sensitive method for the detection of 
minimal, occult micrometastic disease have been 
reported for a number of malignancies by use of 
immunohistochemical methods (14) , as well as the 
polymerase chain reaction (3, 4, 5). The application 

2 0 of PCR to detect occult hematogenous micrometfastases in 

prostate cancer was first described by Moreno, et al . 
(2) using conventional PCR with PSA-derived primers. 

When human prostate tumors and prostate cancer cells 
25 in- vitro were studieti by immunohistochemistry and mRNA 
analysis, PSM appeared to be highly expressed in 
anaplastic cells, hormone-refractory cells, and bony 
metastases (22, 23, 24), in contrast to PSA. If cells 
capable of hematogenous micrometastasis represent the 

3 0 more aggressive and poorly-differentiated cells, they 

may express a higher level of PSM per cell as compared 
to PSA, enhancing their detect ibility by RT-PCR. 

Nested RT-PCR assays are both sensitive and specific. 
3 5 Results have been reliably reproduced on repeated 
occasions. Long term testing of both cDNA and RNA 
stability is presently underway. Both assays are 
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capable of detecting one prostatic cell in at least one 
million non-prostatic cells of similar size. This 
confirms the validity of the comparison of PSM vs PSA 
primers. Similar levels of PSM expression in both 
human prostatic cancer cells in-vivo and LNCaP cells 
in-vitro resulted. The specificity of the.PSM-PCR 
assay was supported by the finding that two "negative 
control" patients with positive PSM-PCR results were 
both subsequently found to have prostate cancer. This 
suggests an exciting potential application for this 
technique for use in cancer screening. m contrast to 
recently published data (18), significant ability for 
PSA primers to accurately detect micrometastatic cells 
in patients with pathologically with pathologically 
organ-confined prostate cancer, despite the sensitivity 
of the assay failed to result. Rather a surprisingly 
high percentage of patients with localized prostate 
cancer that harbor occult circulating prostate cells 
following "curative" radical prostatectomy results 
which suggests that micrometastasis is an early event 
in prostate cancer. 

The application of this powerful new modality" to 
potentially stage and/or follow the response to therapy 
in patients with prostate cancer certainly merits 
further investigation. in comparison to molecular 
detection of occult tumor cells, present clinical 
modalities for the detection of prostate cancer spread 
appear inadequate. 
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EXAMPLE 11: 

CHROMOSOMAL LOCALIZATION OF COSMID CLONES 194 AND 6 83 
5 BY FLUORESCENCE IN- SITU HYBRIDIZATION; 

PSM was initially mapped as being located on chromosome 
llpll.2-pl3 (Figures 51-54). Further information from 
. the cDNA in-situ hybridizations experiments 

10 demonstrated as much hybridization on the q as p arms. 

Much larger fragments of genomic DNA was obtained as 
cosmids and two of these of about 60 kilobases each one 
going 3' and the other 5' both demonstrated binding to 
chromosome 11 p and q under low stringency. However 

15 under higher stringency conditions only the binding at 
Ilql4-q21 remained. This result suggests that there is 
another gene on lip that is very similar to PSM because 
it is so strongly binding to nearly 120 kilobases of 
genomic DNA (Figure 50) . 

20 

Purified DNA from cosmid clones 194 and 683 was 
labelled with biotin ^ dUTP by nick translation. 
Labelled probes were combined, with sheared human* DNA 
and independently hybridized to normal metaphase 

25 chromosomes derive^ from PHA stimulated peripheral 
blood lymphocytes in a solution containing 50% 
formamide, 10% dectxan sulfate, and 2XSSC. Specific 
hybridization signals were detected by incubating the 
hybridized slides in fluoresein conjugated avidin. 

3 0 Following signal detection the slides were 
counterstained with propidium iodide and analyzed. 
These first experiments resulted in the specific 
labelling of a group C chromosome on both the long and 
short arms. This chromosome was believed to be 

3 5 chromosome 11 on the basis of its size and morphology. 

A second set of experiments were performed in which a 
chromosome 11 centromere specific probe was 
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cohybridized with the cosmid clones. These experiments 
were carried out in 60% formamide in an attempt to 
eliminate the cross reactive signal which was observed 
when low stringency hybridizations were done. These 
5 experiments resulted in the specific labelling of the 
centromere and the long arm of chromosome 11. 
Measurements of 10 specifically labelled chromosomes 11 
demonstrated that the cosmid clones are located at a 
position which is 44% of the distance from the 
centromere to the telomere of chromosome arm llq, an 
area that corresponds to band 14q. A total of 160 
metaphase cells were examined with 153 cells exhibiting 
specific labelling. 

15 Cloning of the 5' upstream and 3' downstream regions of 
the PSM genomic DNA. A bacteriophage Pi library of 
human fibroblast genomic DNA (Genomic Systems, St. 
Louis, MI) was screened using the PCR method of Pierce 
et. al. Primer pairs located at either the 5' or 3' 

20 termini of PSM cDNA were used. Positive cosmid clones 
were digested with restriction enzymes and confirmed by 
Southern analysis using probes which were constructed 
from either the 5' or 3' ends of PSM cDNA. Positive 
clone p6 8 3 contains the 5' region of PSM cDNA and about 

25 60 kb upstream region. Clone -194 contains the 3' 
terminal of the PSM cDNA and about 60 kb downstream. 

EXAMPLE 12i 
3 0 PEPTIDASE ENZYMATIC ACTIVITY 

PSM is a type two membrane protein. Most type two 
membrane proteins are binding proteins, transport 
proteins or peptidases. PSM appears to have peptidase 
35 activity. When examining LNCaP cells with a substrate 
N- acetyl - aspartyl - 14 C-glutamic acid, NAAG, glutamic acid 
was released, thus acting as a carboxypeptidase . In 
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vitro translated PSM message also had this peptidase 
activity. . 

The result is that seminal plasma is rich in its 
5 content of glutamic acid, and are able to design 
inhibitors to enhance the activity of the non degraded 
normal substrate if its increased level will have a 
biologic desired activity. Also biologic activity can 
be measured to see how it correlates wit the level of 

10 message. Tissue may be examined for activity directly 
rather than indirectly using in-situ analysis or 
immunohistochemical probes. Because there is another 
gene highly similar on the other arm of chromosome 11 
when isolated the expressed cloned genes can be used to 

15 determine what are the substrate differences and use 
those substrates for identification of PSM related 
activity, say in circulating cells when looking for 
metastases. 

20 EXAMPLE 13 : ♦ 

I ONOTROP I CGLUTAMATE RECEPTOR DISTRIBUTION IN PROSTATE 
TISSUE 

2 5 Introduction: \ 

Excitatory neurotransmission in the central nervous 
system (CNS) is mediated predominantly by glutamate 
receptors. Two types of glutamate receptors have been 
identified in human CNS: metabotropic receptors, which 

3 0 are coupled to second-messenger systems, and ionotropic 

receptors, which serve as ligand-gated ion channels. 
The presence of ionotropic glutamate receptors in human 
prostate tissue was investigated. 

3 5 Methods: 

Detection of glutamate receptor expression was 
performed using anti-GluR2/3 and anti-biotin 
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immunohistochemical technique in paraffin-embedded 
human prostate tissues. PSM antigen is a 
neurocarboxypeptidase that acts to release glutamate. 
In the CNS glutamate acts as a neurotransmitter by 
5 acting on glutaminergic ion channels and increases the 
flow of ions like calcium ions . One way the glutamate 
signal is transduced into cell activity is the 
activation of nitric oxide synthase, and nitric oxide 
synthase has recently been found to be present in human 

10 prostatic tissue. NO is a major signalling mechanism 
and is involved in control of cell growth and death, in 
response to inflammation, in smooth muscle cell 
contraction, etc, • In the prostate much of the stroma 
is smooth muscle- It was discovered that the prostate 

15 is rich in glutaminergic receptors and have begun to 
define this relationship. Stromal abnormalities are 
the key feature of BPH. Stromal epithelial 

interactions are of importance in bothe BPH and CaP. 
The other glutaminergic receptors through G proteins to 

20 change the metabolism of the cell. 

m 

Results: 

Anti-GluR2/3 immunoreactivity was unique to prostatic 
25 stroma and was absent in the prostatic epithelial 
compartment. Strong anti-GluR4 immunoreactivity was 
observed in basal cells of prostatic acini. 

Discussion: 

3 0 The differential distribution of ionotropic glutamate 
receptor subtypes between the stromal and epithelial 
compartments of the prostate has not been previously 
described. Prostate-specific membrane antigen 

(PSMA)has an analogous prostatic distribution, with 

35 expression restricted to the epithelial compartment. 

PSM antigen is a neurocarboxypeptidase that acts to 
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release glutamate from NAAG i, also a potential 
nerotransmitter. In the CNS glutamate acts as a 
neurotransmitter by acting on glutaminergic ion 
channels and increases the flow of ions like calcium 
5 ions. One way the glutamate signal is transduced into 
cell activity is the activation of nitric oxide 
synthase, and nitric oxide synthase has recently been 
found to be present in human prostatic tissue. NO is 
a major signaling mechanism and is involved in control 
10 of cell growth and death, in response to inflammation, 
in smooth muscle cell contraction, etc,. i n the 
prostate much of the stroma is smooth muscle. The 
prostate is rich in glutaminergic receptors. Stromal 
abnormalities are the key feature of BPH. Stromal 
15 epithelial interactions are of importance in both BPH 
and Cap. The other glutaminergic receptors through G 
proteins to change the metabolism of the cell. 
Glutamate can be produced in the cerebral cortex 
through the carboxypeptidase activity of the prostate- 
20 specific membrane antigen (PSMA) . In this location, 
PSMA cleaves glutamate from acetyl -aspartyl -glutamate! 
Taken together, these observations suggest a function 
for PSMA in the human prostate; glutamate may be an 
autocrine and/or paracrine signalling molecule, 
25 possibly mediating*, epithelial -stromal interactions! 

Ionotropic glutamate receptors display a unique 
compartmental distribution in the human prostate. 

The carboxypeptidase like activity and one substrate is 
30 the dipeptide N- acetyl -aspartyl glutamic acid, NAAG 
which is one of the best substrates found to date to 
act as a neurotransmitter in the central nervous system 
and its abnormal function may be associated with 
neurotoxic disorder such as epilepsy, ALS, alzheimers 
35 etc. PSM carboxypeptidase may serve to process 
neuropeptide transmitters in the prostate. 
Neuropeptide transmitters are associated with the 
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neuroendocrine cells of the prostate and neuroendocrine 
cells and are thought to play a role in prostatic tumor 
progression. Interestingly PSM antigen's expression is 
upregulated in cancer. Peptides known to act as 
5 prostatic growth factors such as TGF-a and bFGF , up 
regulate the expression of the antigen. TNF on the 
other hand downregulate PSM. TGF and FGF act through 
the mitogen activated signaling pathway, while TNF acts 
through the stress activated protein kinase pathway. 
10 Thus modulation of PSM expression is useful for 
enhancing therapy. 

EXAMPLE 14; 

15 IDENTIFICATION OF A MEMBRANE -BOUND PTERQYLPOLYGAMMA- 

GLUTAMYL CARBQXYPEPTIDASE (FOLATE HYDROLASE) THAT IS 
EXPRESSED IN HUMAN PROSTATIC CARCINOMA 

PSM may have activities both as a folate hydrolase and 

20 a carboxyneuropeptidase. For the cytotoxic , drug 
methotrexate to be a tumor toxin it has to get into the 
cell and be polygammaglutamated which to be active, 
because polyglutamated forms serve as the enzyme 
substrates, and because polyglutamated forms or toxins 

25 are also retained Toy the cell. Folate hydrolase is a 
competing reaction and deglutamates methotrexate which 
then can diffuse back out of the cell. Cells that 
overexpose folate hydrolase activity are resistant to 
methotrexate. Prostate cancer has always been 

3 0 absolutely refractory to methotrexate therapy and this 
may explain why, since the prostate and prostate cancer 
has a lot of folate hydolase activity. However, based 
on this activity, prodrugs may be generated which 
would be activate at the site of the tumor such as N- 

35 phosphonoacetyl-l-aspartate-glutamate. PALglu is an 
inhibitor of the enzyme activity with NAAG as a 
substrate. 
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Prostate specific membrane antigen was inununo 
Precipitated from the prostate cancer cell line LNCaP 
and demonstrated it to be rich in folate hydolase 
activity,:, with gammaglutamated folate or pol yg i utamated 
methotrexate being much more potent inhibitors of the 
neuropeptidase activity than was quisqualate, which was 
the most potent inhibitor reported up to this time and 
consistent with the notion that polygiutamated folates 
may be the preferred substrate . 

Penta-gammagiutamyl-folate is a very potent inhibitor 
of activity (inhibition of the activity of the enzyme 
is with 0 . Bum Ki . > as penta-gammaglutamyl- folate may 
also be a substrate and as folates have to be 
depolygammaglutamated in order to be transported into 
the cell, this suggest that this enzyme may also play 
a role in folate metabolism. Folate is necessary for 
the support of cell function and growth and thus this 
enzyme may serve to modulate folate access to the 
prostate and prostate tumor. The other area where PSM 
is expressed is in the small intestine. it. turns out 
that a key enzyme of- the small intestine that is 
involved in folate uptake acts as a gaima- 
carboxypeptidase in sequentially proteolytically 
removing the terminal gammaglutaminyl group from 
folate. in the bone there is a high level of unusual 
gammaglutamate modified proteins in which the gamma 
glutamyl group is further carboxylated to produce 
gammacarboxyglutamate, or GLA. One such protein is 
osteonectin. 

Using capillary electrophoresisis pteroyl poly- gamma _ 
glutamate carboxypeptidase (hydrolase) activity was 
investigated in membrane preparations from androgen - 
sensitive human prostatic carcinoma cells (LNCaP) . The 
enzyme immunologically cross -reacts with a derivative 
of an anti -prostate monoclonal antibody (7E11-C5) that 
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recognizes prostate specific membrane (PSM) antigen. 
The PSM enzyme hydrolyzes gamma -glutamyl linkages and 
is an exopeptidase as it liberates progressively 
glutamates from methotrexate triuglutamate (MTXGlu 3 ) 
5 and folate pentaglutamate (Pte Glu 3 ) with accumulation 
of MTX and Pte Glu respectively. The semi-purified 
membrane -bound enzyme has a broad activity from pH 2 to 
10 and is maximally active at pH4.0. Enzymatic activity 
was weakly inhibited by dithf othreitol (>0.2 mM) but 
not by reduced glutathione, homocysteine, or p- 
hydroxymercuribenzoate (0.05-0.5 mM) . By contrast to 
LNCaP cell membranes, membranes isolated from androgen- 
insensitive human prostate (TSU-Prl, Duke- 145, PC-3) 
and estrogen- sensitive mammary adenocarcinoma (MCF-7) 
cells do not exhibit comparable hydrolase activity nor 
do they react with 7E11-C5. Thus, a folate hydrolase 
was identified in LNCap cells that exhibits 
exopeptidase activity and is strongly expressed by 
these cells . • 



PALA-Glutamate 3 was tested for efficacy of the prodrug 
strategy by preparing N-acetylaspartylglutamate, NAAG 
1 (Figure 59). NAAG was synthesized from commercially 
available gamma-benzylaspartate which was acetylated 
with acetic anhydride in pyridine to afford N-acetyl- 
gamma-benzyl aspartate in nearly quantitative yield. 
The latter was activated as its pentaf luorophenyl ester 
by treatment with pentaf luorophenyltrif luoroacetate in 
pyridine at 0 deg.C for an hour. This activated ester 
constitutes the central piece in the preparation of 
compounds 1 and 4 (Figure 60) . When 6 is reacted with 
epsilon-benzyl-L-glutamate in the presence of HOATd- 
hydroxy-7-azabenzotriazole) in THF-DMF 

(tetrahydrofuran, N,N- dimethyl formamide) at reflux for 
an overnight period and after removal of the benzyl 
protecting groups by hydrogenolysis (H2, 30 psi, 10% 
Pd/C in ethylacetate) gave a product which was 
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identical in all respects to commercially available 
NAAG (Sigma) . 

PALA-Glutamate 3 arid analog 5, was synthesized in a 
5 similar manner with the addition to the introduction of 
a protected phosphonoacetate moiety instead of a simple 
acetate. It is compatible with the function of 
diethylphosphonoacetic acid which allows the removal of 
the ethyl groups under relatively mild conditions. 

10 

Commercially available diethylphosphonoacetic acid was 
treated with perf luorophenyl acetate in pyridine at 0 
deg.C to room temperature for an hour to afford the 
corresponding pent af luorophenyl ester in nearly 

15 quantitative yield after short path column 
chromatography. This was then reacted with gamma- 
benzylaspartate and HOAT in tetrahydrof uran for half an 
hour at reflux temperature to give protected PALA 7 (N- 
phosphonoacetylaspartate) in 90% yield after flash 

20 column chromatography. The free acid* was then 
activated as its pentaf luorophenyl ester 8, tjien it was 
reacted with delta-benzyl-L-glutamate and HOAT in a 
mixture of THF-DMF (9:1, v/v) for 12 hours at reflux to 
give fully protected PALA-Glutamate 9 in 66% yield 

25 after column chromatography. Sequential removal of the 
ethyl groups followed by the debenzylation was 
accomplished for a one step deprotection of both the 
benzyl and ethyl groups. Hence protected PALA- 
Glutamate was heated up to reflux in v neat 

3 0 trimethylsilylchloride for an overnight period. The 
resulting bistrimethylsilylphosphonate ester 10 was 
submitted without purification to hydrogeno lysis (H., 3 0 
psi, 10% Pd/C, ethylacetate) . The desired material 3 
was isolated after purification by reverse phase column 

3 5 chromatography and ion exchange resin. 



Analogs 4 and 5 were synthesized by preparation of 
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phosphonoglutamate 14 from the alpha-carboxyl-protected 
glutamate . 

Commercially available alpha-benzyl-N-Boc-L-glutamate 
5 11 was treated at refluxing THF with neat 
boranedimethylsulf ide complex to afford the 
corresponding alcohol in 90% yield. This was 

transformed into bromide 12 by the usual procedure 
(Pph 3 , CBr 4 ) . 

10 

The Michaelis-Arbuzov reaction using triethylphosphite 
to give the corresponding diethylphosphonate 13 which 
would be deprotected at the nitrogen with 
trif luoroacetic acid to give free amine 14 . The latter 
15 would be condensed separately with either 
pentaf luorophenylesters 6 or 8 to give 16 and 15 
respectively, under conditions similar to those 
described for 3. 15 and 16 would be deprotected in the 
same manner as for 3 to yield desired analogs 4 and 5. 



20 



25 



An inhibitor of the metabolism of purines and 
pyrimidine like DON (6-diazo-5-oxo-norleucine) or'-its 
aspartate- like 17, and glutamate- like 18 analogs would 
be added to the series of substrates. 



Analog 20 is transformed into compound 17 by treatment 
with oxalyl chloride followed by diazomethane and 
deprotection under known conditions to afford the 
desired analogs. In addition, azotomycin is active only 
3 0 after in vivo conversion to DON which will be released 
after action of PSM on analogs 17, 18, and 19. 

In addition, most if not all chemotherapies rely on one 
hypothesis; fast growing cells possess a far higher 
3 5 appetite for nutrients than normal cells. Hence, they 
uptake most of the chemotherapeutic drugs in their 
proximity. This is why chemotherapy is associated with 
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serious secondary effects (weakening of the immune 
system, loss of hair, ....) that sometimes put, the 
patient's life in danger. A selective and effective 
drug that cures where it should without damaging what 
5 it shouldn't damage is embodied in representative . 
structures 21 and 22. 

Representative compounds, 21 and 22, were designed 
based on some of the specific effects and properties of 

10 PSM, and the unique features of some newly discovered 
cytotoxic molecules with now known mode of action. The 
latter, referred to commonly as enediynes, like 
dynemycin A 23 and or its active analogs. The recent 
isolation of new natural products like Dynemycin A 23, 

15 has generated a tremendous and rapidly growing interest 
in the medical and chemical sciences. They have 
displayed cytotoxicities to many cancer cell lines at 
the sub- nanomolar level. One problem is they aire very 
toxic, unstable, and non-selective. Although they have 

20 been demonstrated, in vitro, to exert their activity 
through DNA damage by <a radical mechanism as described 
below, their high level of toxicity might imply ,that 

m 

they should be able to equally damage anything in their 
path, from proteins to enzymes, ...etc. 

25 V 

These molecules possess unusual structural features 
that provide them- with exceptional reactivities. 
Dynemycin A 23 is relatively stable until the 
anthraquinone moiety is bioreduced into 

3 0 hydroanthraguinone 24. This triggers a chain of events 
by which a diradical species 25 is generated as a 
result of a Bergman cycloaromatization F . Diradical 
species 25 is the ultimate damaging edge of dynemycin 
A. It subtracts 2 (two) protons from any neighboring 

35 molecule or molecules (ie . DNA) producing radicals 
therein. These radicals in turn combine with molecular 
oxygen to give hydroperoxide intermediates that, in the 
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case of DNA, lead to single and double strand incision, 
and consequent cell death. Another interesting feature 
was provided by the extensive work of many organic 
chemists who not only achieved the total synthesis of 
5 (+) -dynemycin A 23 and other enediynes . but also 

designed and efficiently prepared simpler yet as active 
analogs like 26. 

Enediyne 26 is also triggerable and acts by virtue of 
10 the same mechanism as for 23. This aspect is very 
relevant to the present proposed study in that 27 ( a 
very close analog of 26) is connected to NAAG such that 
the NAAG-27 molecule, 21, would be inert anywhere in 
the body (blood, organs, normal prostate cells, 
15 ...etc.) except in the vicinity of prostate cancer, and 
metastatic cells. In this connection NAAG plays a 
multiple role: 

- Solubilization and transport: analogs of 26- 

2 0 type are hydrophobic and insoluble in aqueous media, 

but with a water soluble dipeptide that is indigenous 
to the body, substrate 21 should follow the way§ by 
which NAAG is transported and stored in the body. 

25 - Recognition, guidance, and selectivity: 

Homologs of PSM are located in the small intestines and 
in the brain. 

In the latter, a compound like 27 when attached to a 

3 0 multiply charged dipeptide like NAAG, has no chance of 

crossing the blood brain barrier. In the former case, 
PSM homolog concentration in the small intestines is 
very low compared to that of PSM in prostrate cancer 
cells. In addition, one could enhance the selectivity 
35 of delivery of the prodrug by local injection in the 
prostate. Another image of this strategy could be 
formulated as follows. If prostate cancer were a war 
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in which one needed a "smart bomb" to minimize the 
damage within the peaceful surroundings of the war 
zone, then 21 would be that "smart bomb". NAAG would 
be its guidance system, PSM would be the trigger, and 
5 27 would be the warhead. 

26 and its analogs are established active molecules 
that portray the activity of dynemycin A. Their 
syntheses are described in the literature. The total 

10 synthesis of optically active 27 has been described 0 . 

The synthetic scheme that for the preparation of 28 is 
almost the same as that of 27. However, they differ 
only at the position of the methoxy group which is meta 
to the nitrogen in the case of 28. This requires an 

15 intermediate of type 29, and this is going to be 
prepared by modification of the Myers 1 method. 
Compound 28 is perhaps the closest optically active 
analog that resembles very much 26, and since the 
activity of the latter is known and very high. 

2 0 1 ' 

Since NAAG is optically . pure , its combination with 
racemic material sometimes complicates purification of 
intermediates. In addition, to be able to modify the 
components of this system one at a time, optically pure 

25 intermediates of thfe type 21 and 22 are prepared. 27 
was prepared in 17 steps starting fro commercially 
available material. Another interesting feature of 27 
is as demonstrates in a very close analog 26, it 
possesses two (2) triggers as shown by the arrows. 

30 

The oxygen and the nitrogen can both engender the 
Bergman cycloaromatization and hence the desired 
damage. The simple protection deprotection 

manipulation of either functionality should permit the 
35 selective positioning of NAAG at the nitrogen or at the 
oxygen centers. PSM should recognize the NAAG portion 
of 21 or 22, then it would remove the glutamic acid 
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moiety. This leaves 27 attached to N-acetylaspartate . 

Intramolecular assisted hydrolysis of systems like N- 
acetylaspartyle is well documented in the literature. 
5 The aminoacid portion should facilitate the hydrolysis 
of such a linkage. In the event this would not work 
when NAAG is placed on the nitrogen, an alternative 
would be to attach NAAG to the oxygen giving rise to 
phenolic ester 22 which is per se labile and removable 
10 under milder conditions. PSM specific substrates can 
be designed that could activate pro-drugs at the site 
of prostatic tumor cells to kill those cells. PSM 
specific substrates may be used in treatment of benign 
prostatic hyperplasia. 
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EXAMPLE 15 ; 

GENOMIC ORGANIZA TION OF PSM EXON/INTRON JUNCTION 

5 SEQUENCES 

EXON 1 Intron 1 

IF . strand 
CGGCTTCCTCTTCGG 
10 cggcttcctcttcgg taggggggcgcctcgcggag. . . tatttttca 



1R. strand 



. ataaaaagtCCCACCAAA 



15 Exon 2 Intron 2 

2F. strand 
ACATCAAGAAGTTCT 

acatcaagaagttct caagtaagtccatactcgaag . . • 
2 0 2R. strand . . . caagtggtcATTAAAATG 



Exon 3 Intron 3 

3F. strand 
25 GAAGATGGAAATGAG \ 

gaagatggaaatgag gtaaaatataaataaataaataa . . . 



Exon 4 Intron 4 

3 0 4F. strand 

AAGGAATG CCAGAGG 

aaggaatgccagagg taaaaacacagtgcaacaaa . . . 



4R. strand 

35 



. agagttgTCCCGCTAGAT 
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Exon 5 Intron 5 

5F. strand 
CAGAGGAAATAAGGT 

eagaggaaataaggt aggtaaaaattatctctttttt . . . 
5 . . .gtgttttctAGGTTAAAAATG 

5R. strand . . . cacttttgaTCCAATTT 



10 Exon 6 Intron 6 

6F. strand 
GTT AC C CAGC AAATG 

gttacccagcaatg gtgaatgatcaatccttgaat . . . 
15 6R . strand . . . aaaaaaagt CTTATACGAATA 



Exon 7 Intron 7 

7F. strand , 
20 ACAGAAGCTCCTAGA 

acagaagctcctaga gtaagtttgtaagaaaccargg. . . 

7R. strand . . . aaacacaggttatcTTTTTACCCA 

V 

25 Exon 8 Intron 8 

8F. strand 
AAACTTTTCTACACA 

aaacttttctacaca gttaagagactatataaatttta . 
30 8R. strand . . . . aaacgtaatcaTTTTCAGTTCTAC 

Exon 9 Intron 9 

9F* strand 
AG CAGTGGAAC CAG 
3 5 agcagtggaaccag gtaaaggaatcgtttgctagca . . . 

. . . tttctagatAGATATGTCATTC 
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9R. strand . . . aaagaTCTGTCTATACAGTAA 

Exon 10 Intron 10 

10F. Strand 
5 CTGAAAAAGGAAGG 

ctgaaaaaggaagg taatacaaacaaatagcaagaa . . . 



. Exon 11 Intron 11 

10 11F. Strand 

TGAGTGGGCAGAGG 

agagg ttagttggtaatttgctataatata , 



15 Exon 13 Intron 12 

12R. strand 
GAGTGTAGTTTCCT 

gtagtttcct gaaaaat aagaaaagaat agat . . . 

20 

Exon 14 Intron 13 

13R. strand 
AGGGCTTTTCAGCT 

agggcttttcagct acacaaattaaaagaaaaaaag . . . 

25 v 

Exon 14 Intron 14 

14F. strand 
GTGGCATGCCCAGG 
3 0 gtggcatgcccagg taaataaatgaatgaagtttcca . . 

Exon 16 Intron 15 

15R. strand 
AATTTGTTTGTTTCC 
35 aatttgtttgtttcc tacagaaaaaacaacaaaaca . . . 



WO 96/26272 PCT/US96/02424 

-148- 

Exon 16 Intron 16 

16F. strand 
C AGTGTAT C ATTTG 

cagtgtatcatttg gtatgtt.acccttcctttttcaaatt . . . 
5 . . . tttcagATTCACTTTTTT 

16R. strand . . . aaagtcTAAGTGAAAA 



10 Exon 17 Intron 17 

1.7 F. strand 
TTTGACAAAAGCAA 

tttgacaaaagcaa gtatgttctacatatatgtgcatat . 
15 17R. strand . - .aaagagtcGGGTTA 



Exon 18 Intron 18 

18F. strand 
2 0 GGC CTTTTTATAGG 

ggcctttttatagg taaganaagaaaatatgactcct . . 

» 

18R. strand . . .aatagttgTGTAAACCC 



25 



3 0 



Exon 19 Intron 19 

19F. strand 
GAATATTATATATA 

gaatattatatata gttatgtgagtgtttatatatgtgtgt 



Notes: F: Forward strand 
R: Reverse strand 



35 



